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Abstract of KR 100399556 (B1) 

PURPOSE: An interconnection line, a thin film FIG. I 



transistor substrate using the line, a method of 
fabricating the substrate, and a liquid crystal display 
are provided to form the interconnection line using 
copper with low resistance. CONSTITUTION: A 
liquid crystal display(30) includes a bottom-gate type 
thin film transistor substrate(31), a transparent 
opposite substrate(32) facing the thin film transistor 
substrate, and a liquid crystal layer(33) sealed 
between the two substrates. The thin film transistor 
substrate includes a plurality of source bus lines and 
a plurality of gate bus lines, and a plurality of pixel 
regions. Pixel electrodes are respectively formed at 
the pixel regions. Bottom-gate type thin film 
transistors are formed in close proximity to the pixel 
electrodes, respectively. Each of the thin film 




transistors has a gate electrode(40), source and 
drain electrodes(46,48). The gate, source and drain 
electrodes are formed of a copper layer(40a) and a 
coating layer(40b). The coating layer coats the 
copper layer. 
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(54) BHd, 0|1 Ahgtf Mfof EfHxj^EH 7|&, ^' ZLXfl£&g4 <2!1S£A|&*| 



2°-,* 

§§(40a)°] ^Ofl £\& SE^ E|Eh £|« 0|*0-|xlfc It|5t(40b)S 5fe 2# fSSS Sfe 7fl0|e ?H=(H||4d)(4 

0)4. ^ 7H|0|M £^(HHd)(40)# 5^ ^§°£ *m E?H7;|^&j 7|&(31)4, H|)*|£! 1#S| 7 |# ^ 

0j0-t| oJjgOl 77\$m #7| 7|& g tf^0| HfBf M£Hx|^ 7|£(31)£! 2* *fe °-H&£A| 



£. 1 



4!j°l<H 



UH-id, ^Bf e£Hx|^ 7|ff, «ISiA|S*l, TFT, LCD 



7|£g0t 



£ ^ x^°j s^om hh^xhss A r g£r mi34 o» ^ e^hxi^^tft) 7i# si a aii 

££■£14 9|SiA|S*l<H| 50|CK 

SM^S, Q|SitA|S*|(H| ?H|Efe 7|&o^ BfBf E£Hx|>,EH(TFT) 7|£r0| tfBW ?M. 
£ 33 S) E 34fe 7i|0lm HH3(G)4 ^ UHd(S) S°l 7|&(86) £W| ^u|£h SJ^CJ ^ meHx|>iE| 7|# 

?£ES| %J3lt< UE}y 7H 0 |CK E 334 E 34 04| L r E|-y Hfet eyxl^&l 7|£rCH|AH, #E| S°| ¥S 7|#(86) #0fl 7)| 
0|M dmd(G)4 £i UH3(S)0| □Hebi^i^o^ HH-tdEJo4 °!ch ELtK 7]\0\M. HH4d(G)4 ^ bH4d(S)°s §&M°J 
^0| £te¥(81)7 r E|i, 2j- fte¥(81)0fe HtB|- M|Hx|^eJ(83)7|' gg£|0| SfCj-. 

*m M£Hx|^Ei(83)£ o|*J ^^(etching- stopper type)S| ?Jtt*l£] ?^0|IL, Al 5Eb At tSa *S| E£jxH.g. 

5 0|^0^|b ^IO|M HH^(G)4 0| 7H|0|M dH3(G)0W £!$^<H g££r ^|0|M £j=i(B8) #Ofl 7l|0|JE £2^(89)* 
S^«r tf, 0| 7^0|J= S?jBt(89) #<tf| diaSa 4!B|5(amorphous silicon, a- Si)©£ 0|^*l ^5^(90) 
% 7\\0\m. S^(88)0| Oltf A|7=| ^^trU, EES 0| "jE*!! fegB|(90) #(tf| Al EE£ Al f[g SfiJ E£xH.g.^ Ol^-OH 
Xfe SBliej £R(91)4 4:^ 23(92)# A-J3. CHSEITII W*\Oi a& fih£*lfeSBt(90)Sj «f 
ofe °I(P) gsj EM(donor)^. o|^o-|*l H feE^ EUS H|23S SS| £ D -J B^ohmic cont 
act film, 90a)O| §-g£j<H 0|# ^0|| HEl|£J ER(91). ^ 23(92), SI ttE*l| sSS, h (90)cH| S|S|| 77|$|£! 
ti^lS. Ofl%" >i£lH(93)7r S^£|0-| °>C r . EES cEl|°l £1^(91 )0-||AH J=a|£] *H^(91)o| 3?oj| ^ CJgtffl- 
^(Indium Tin Oxide, 0|# r ITOE r ^7|Ehc r )°S 0|^<M£! ¥S£te£R(95)0| *^£|CH flch 

ZLElH, 7||0|£atf BKBQ), ¥§§^23(95), £EII^3(91), 5J 4^ER(92) §°| flfi- S^LAH 0|£ i?|0|| E||A|m| 
O|^°j(passivation film, 96)0| S^£|cH 0| nHA|m|0|^Bf(96) 5LM HHlT^(oriented film)0| S 

^EIjI, 0| dHlT^ ^I^CHI ^SO| S'a£|o^ ?t|E|M dHmsi^ ^SiAlSxpl- ?^£J01 ?ioi ¥S$^S^(95)Oi| °| 
M ^§ ^ANI £!7||# eJ7r§h?j ^S^A r £| UHS t= 7^l0H7h 7^^E^ £]0^ gjch. 

E 33 Si E 340H| L\B.}^ E^Hx|>iE^ 7|&# ^|2S r b & h ¥Dls(AI) ££b ff^Olfe f. h S(AI alloy) 

Ol^OiXfe Ef2!(target)H 0|gS r i, H E r 5!tH| £±7\%\t S^> h S.| ^Ej^sputtering method) § 

o| Hfof^^^goil °|SH ^Bi 7|£r(86) #<H| Al £Efe Al IT^SS S^tr i£B|^ZLEH Eia(photolithography m 
ethod)<H| o|sH 7H|0|e ^1*1 Olfijfij %±g\ A | Eb Al STSSS Xil^f^o^ 7-||0|e t^(88)M §^Er CVD^ 
(Chemical Vapor Deposition method) §°| Hj-^^^rBofl °|sH SiO 2 U SiN x S. 0|*(H*lfc ^|0|M 5J^°t(89) 
, EhE*l s§^(9), o\m ^£HH(93)» S^*tj1. 7^s r o=i o|S ^B\^, i£B|^ZLEHiiao| 2\m 2. 

m w^ph (90a)i ca|oj £j=i(9i) °J ^ 3^(92)S S^SFDl, £\§0\\ ^$\21 2^(91) SJ ±^ S^(92)S 

DrAH(mask)M S r 0i £aj S=^(90a)°| °J¥S n^Oi £5J S^^(90a)S Mtm CVDS §CH| °|SH nHA|fcHi 
OI430K96)* S^SSSAH Hfat efHAl^EH 7|£rfi ^ S!a. 

nSjCll, S"d ^^£A|^x|o| n^Sr g(H| ^y*r0^ ^|0|M ^|0|M UH^d, HH£j, ^.ElieJ 3^0|Lf 

HHd°l ^Hfrofl sjg. ^sgx|o^ g^|7 r ^i=e^|7i L r E|-LU ^!o^ o|EH*h ^a^im tmtW S^om UH3S 

?^«rfe XH££*i Al £t Al Sq X^ X^hoI §o| ^§0| gSJEjj! 2JcK 0| § HH>de Al £Eb Al fTa°S HH 
4dS ?^§rt 7 J^2r S?0| S^fiJ o|3H CuSS ^. i£B|^=LEHl|^0fl oj§H HH3S^?|x| 0|2| 

si Steal CuSfi Al|7Hif 0^ S^tf 4= Sa'cK 

Zl&iU E 334 Jr 34CH1 L r E^ 7hg ri^oj ^nh ebh X |^E^ 7|&0| ^b|l! Q\%S.M%%MM, 7]|0|e3^(88 

) §a| 3^o|U 7j|o|e HH-id(G) §a| HH3 AHS(o|5 r hh^aHSeF ef7|&cf)S/H §S A r §f|0, §o| efo^a^jofl 
ef«r7| imo]\ *SS(«xg)<H|Al qs S# (H|?Jfi Wl AFS£|fe ^S^o| fcfc ^^(K^) o^|=|Jxfl7| gB|<H| ^r^€ 
[[(jail o| g°i-0| CHIS^Ioi ^-y ghfe S^7F a|ji, cj^- ^^0| £!^£ie Hr^^fbase substrate)^ 7|&(86)0^A| «t 
B|£|7HL r BdSlf 0| ^Srb S^7 r S A ! 7| [p]£<H| A|gS r b 0^'^|7 r X||^£fe ^Xi|7 r 

E£T, UH-idxH^Ai §^ MgSrS SMEl^ZLEHEl ggOflAH A r g£|fe E||X|^e ^E|^0| %^0]\ ±0$€ EOfoR 0| Bl| 
X|AM «|S|°H0| o|g|j ggfo| iJ0| 2i?M. 

-^sral (HIS W|?Hu|se sarsefi ^S r A|^ ofl*"# |H^ fe 5JQIU-, atHI 57|ga| ^-go|Lr tteofl a|§H 

i^(H| CuOL| Cu 2 O S°| #2FS0| ^7|7H| fElfi, ^fr^0| oflS^Ofl/HE Ofl*i£|oi Ihji, EH L r 0 r 

i\ Bdssroi ^^tfe e^i7 r 2,'s. h ek ziEHAi is<Hi cuou cu 2 o §ai mm %m ^ aife cu^i hh 

^XHSSAi Cu #30| HE^EIJL aioq, Cu CuO{\ d|f r 0^ H||aH d|^tfO| ^0 r 7;|7|| £|0-| A-| X-lfj" X||S* 

6 lJ!|i ZLCFAl 7|cnm SJ7HI SCK Etr 7^0|M 3 = (88)S Cu7 r 7H|0|e a^^(89)cHI 
§ r 0^ S^UISI- aifOl gf^SSfe ^Xl|7r a!°Oj, E^0| 7|ff(86)0| ^B| 7|&0|ffl 7H|0|e 33(88)CH| 7|&(86) U|S| 
Si7 r 7i|0|M 33(88)0fl &?JS r 0=| 7]\0\E. 33(88)a| X^O| ^^frC|. Efr SE||o| 3^(91)0|U ±± 3^(92)^ 
S^f °£ ?££r3 4 S^(91, 92)4 ^S^(90) AhO|CH| fJ^oj Ah^ sh^ 0 | feSSfSl 

0| illrtfe ^XHI7|- SlSiCf. 



£ gjge #7| A^S SfemcM ol^o^i xH ^trsl bH-td^HSS o|gtfe ^o|[ A^ 0 fl cH 

lH §#a|ij 4 SJai, n&taAHE. o^AflU ej|x|^E ^ £ |oh g oi| pistol lH S#a|S ^ °) 

ocH, HH^si Sl«+g£ if^A|S $ JUjI, SE& eia^si A>0|OflAHS| #° sfttg gfxltf 4= ftb nH*da|- o|g AF 

§S ^ h JL£HX|AE| 7|& n A^^a^f, ^ M.|HX|AEi 7|0S ?H|S 0|S£A|#*|S *]|gSFc 

JlfAfe ScK 

¥ ^SfiJ bH-idS #7| 3}A||§ m y ^t[7\ %moi gg(Cu layer)°I ^flofl B\& £b b\by O^Xfe JLjSJ 

S 5§ sgo^ ftc[. oi7\M9.\ E|a[o| ^^i^hoj o^fe E|£h s^<HI #4: fcW^sl u\7[ 1 cH o i_H^i 

1 CH 2£] S^SI I|5f §I§^ SJOCN, fit} ?*||*jo S ±= E |gj I|Bf, Ah^ E |g- 3t|BT £ 4 s ?a'C[. 

M Sfgsl HH-idS #7| 2(-a|M sHas^l ?l«Fo4, ^flofl 1E|M0! £Etf #£H^ o|^o-|x|b 

il^a 5* *M£ o^7|AHo| i|efo| ^|^°J oflsfe- Me|m@! fcW^ofl cflth #£ £JxK*s| 

h|7F 1 cH o lHx} 1 en 3£J E|sf §§§^ ? A 'oDj, fie} 1e|m£! n|af, #^ gejM@! 5 

5ES ¥ Sfgsl hH£!£ #7| sHSt^l ¥?I<HI 3§ Efe 3§ o|^o-|x|te n|9|« £ 

31 *S°5. t[OiS. felCK 0=|7|AH°| j!|Bfo| ^*jj*HO| 3§ SJX^Ofl CHS #£ *W=£2l U|7h 1 0 Uj 

x| 1 cH 2£J §fi^ also), fi^ Hi #^ Hi e|bJ- §||^ ftcf. 

ses s ^sai uH^e #7i mm ww, ss^i ^^(hi e& emi- t^ns oi^o^ib 5> 

5S ^§2S §MJE €!ch. o^7|AHo| ji|g|o| ^*||3Moi oli^fe ghg- sx^<HI cHf - ^ fM^°| bd!7h 1 cH 0 Uj 
3cl 1 cH 2.521 i^aj Hi 5 , 1 " §ii^ &'°cH, ficl- ?*F-1°Sfe Ehi" it|aj-, §§§t SJcK 

#7| SSS| ?fl(H| S^Slfe E|et S| 5 lHx| 30nm 5jO| HPJ^Sfl, fi^ U^5|tMfe 5 LU\ 2 

Onm SEO|CK #7| H|^°| ^7?lpf 5nm D|yo|0 L-|^ °^0^ ^gO|L|- A^ofl C-H^OH LH #5^ S! <HIS^L|- a|X|^E 

stE|°-H gofl cH^ LH ¥^^S H ^ 1T#A|^ 4 £E MOM H± #5. s, h #o| gfgsfe S^7^ ?JcK 

a& 30nm# S^sfol ¥3711 sfo^H a|^o| §7^U 5E bHd u|A^o| ^dfl 1 

cK 

e S^gfiJ HH^°S ¥flo^ Sfe Eie- ^S^s o|^(HS Ji|ei# §>b 5!cHlfe, #7| m£ 
4 Eie tfSfU o|*o-|xfc a^s 5!o|o^ tin, E|e^3|- E|Hh ^jx^ofl p|*h #i *jx^s| 

u|7h 1 cH 1 lHx| 1 cH 22J a|S itf^o^ o|^o^|fe 5§§I4 ?M. 

S Sfil HH^da^ SS^I ^^]oil E|Eh E |Eh ^s^s oi^oHS a|e|s ^ofc, #7| n[e|S #7| g 

5HO| o^|S^ #7| ^^|0t| E|EhB[4 a E|EfSjo| i^cHI Eie SA^O^ CHfi- A>4« flX^2| u| 

7H cH 1 lHa| 1 cH 2£J af* £«T«KH ol^oHxfe 5 gg § ^ oj cK 

£E» Sil-Ssl HH#o^ ggo| ^.ojoHl E|Ef s ^ E |Eh ai-s^s ol^oHS E|et§ ^fe £cH|fe, #7| n|s|e #7| g 
B ^flsj ^¥o^| E|&at4 #7| ^fls| ^^ 0 | ^-g^i E|e tHH^ ol^o^lb a|S i#^o^ o|^cH 
xfe 5!0|cHE £Ji, ?*l|^fiJ ofl£b #71 ^^sl iJ¥ofl Eieqiif ^^|o| *^o-|| e| 

Ef fj^^ofl cm #^ ^A^oj u|7h 1 cH 1 lHx| 1 cH 22! iftefo^ o|^o^|fe 5 §1 § ^ ?JcK 

iff ^ ^@fi| HH-tjo^ §go| ^ o| 0 | H s H § A|-f^^ 0|^0Hxfe 5fb 20fe, #7| JLiS>s H g 

afjif Hfi #5h-g^ o|^o^|fe a^S Slf^o^ o|*o-|x|fc 50|o-|H je|j1, oflsfe- HSafji} a§ fjA^cHj 

cHff #4: SJx^oj u|7F 1 cH 1 m*| 1 cH 2SJ S^SJ srs i&SFo^ o|^o^|fe 5 §1 I ^ ?icK 

M STSSl dHdo^ ggo| ^o| 0 ^| ag cc fe HS Aj-s^s. o|^<H£! a|5t# 5Joflb, #7| s|ete #7| 5 

0^ ?^|5HO| oi|^fe Ah 7 | ggo| ^^(Hl gAHEj 3S D^ n ag^O) I0O|| 3# sxF^ofl cHff # 

± £W^£l tJl?l- 1 C H 1 >-Ha| 1 cH 2°j sj-g i&fFo^ o|^oix|b 5 §S i ^ ?JcK 

£ & h ga| hHaho^ §go| ^o ]01 | H§ cc- 3S ol^o^i mats ^cHfe, #7| g 

g ^o|oj oj^ofl #7| ^flS] &¥0fl §^£1 Hi #ff^^ O|¥0-|A|^ Q|§ itffo^ 0|¥0^ 

Afe 5)0|0-|£ £ji, =?*||S|el OflSfe #7| <M¥<H\ HS5J4 Ah 7 | ?fl o| £h«ofl ^AjEj H 

* W^ofl cHt^ &± r!A^B| idj^h 1 CH 1 lHa| 1 cH 22! itrsfo^ o|^o^fe 5 §§ § ^ £Jc}. 

m Hugo] b|a|- eb_hx|A:EH 7|£^ #7| jifTHIS flsf<H #7 IS ?g g iWs| ^ bH-y* 

£ES, ^ ^@£l S^Sf EBH X |^^ 7 |Ehs gHa^7| ?|f^0^ 7|£!- #CH| TiN^g Ah 7 |*h § 

0^ ^ HJ-gO| bHAjg §AH£h 7HS mxio^ fhcK 

g gfgo| E5Hx|AE^ 7iee ss^i ^^o^ ei ^ e|^ a^^^ oi^xfe mm hh^s mi 

0|A,(base) #0^ TiN^g 3*«H>^ ths eki ££ ^0^£ =JeK E|Eh 5E^ E|f.h ^s^s 0|^0-|Xfe 3t|qs| 

?*||S!eJ tHlSfe, E|£F fJX^O^ CHS #4; SA^o| BI7I -| Q| 0 LHx| 1 LH 2EJ ^^S| I|Sf §IIt ?M. 
E^, & ySS| EfHxlAiEH 7|&e S$£| S^O^I E|Eh E|EF fchSFSS o|^<Hx|fe E|B|g ?>b uH'Sd o I W| 
0|>i #Ofl TiNBtl S^f^O^ ^^^j 5J0|0^ SCF. 0p\M2\ UljAHoJ E|Q|g Ah 7 | ggo| §Aj£j E|eQKji(. a 

El^atfil ie«H| fe^S E|g ^SFSS o|^o-|x|b sm 5o|o^£ QcK o^7|A| sj E |Eh ^SFSS o|-^o-|x|fe 
etsl ?*l^£! oflSfe E|ff fjxf^ofl cHS #4: tjx^oj h[7[ 1 cH 1 lHx) 1 cH 2eJ 5Tb 5 Sg # 4= 

a a. 



#7| TiN°| ¥^lb 10 UjX| 50nm 3JO| HH^W. #7| TiN°| 10nm DlBhOlE #7! H^°| §54 tt| 

A|-0|oi| #7| dHB[o^(barrier layer)°S>H *fg*rc fl^Ol ^^ijoH °Jx| £g #7| E|4°l 

7^ §m*t*i as s^chi #7i mioiiu so 2 . sion, so x gsi eisst°s^Ei «r#t r o4 e fj^7h mid un # 

£J*rfc 5# StfxHffc £47 r MS£tK4. sonmS ±4Sr<H jp^i sfl£ ^trb ±47F aSHT *££ £af a| 

yo| §7 r £rCK 

g U-gcHl nH-id<H|AHfe ##£h B r £} ao| ?g&°£AM BlN^m h|eNo|l|- o\m°A g°| afa|o|a ^£o| # 

# MiSolU eJSsj- A r o|<H|AH°| S4i A o h i^JI &*|Srfc- bHE|oHeo^o| i|oh 0 | §g ^\o\\ §£j£|7-i] £|n, 
£b a|x|>^E BfB|oijo|Lf o^*iot{ §o| QfoHom ^MoHl #*)- £s:S°-£AH°| uefol i^(H| 5!o| EcK 
o|EH°h HH^dS 5>fe £ WSSI ate|- a|x|AM 7|&ol| o]§^_ «g§o-|jAH as §1 ol[*Jt nfl AK§£|b i+SHMol £! 

ttfll 0flS*||7r § UH^A] ^Dig0-|£ ^ £fe i?j0^| filgo^ SfgSrfc #7| E|StO| S^iE|0-J fto B 

3. uH-ido| ofl£*i|<H| s|«H £# ^7 1 o^n, HH4do| uH{-tH|AH ^ElJEJfe ^§ #x[||- 4 &fe ?N &*d£^£l 

#X|th ^ SJul, 5E ArgSfe 0l|*jx1|o| X^£7|- 3&. 

EEtK ^E\±ZLm\ 53<HW ^gSjfe EI|X|ae ^E|5i|0| HH^j77f7Cj ^ ft0-|£ £ ^S<H|AH AK§£fe UH"Jd€ § 
S £&b Mlg°5 SfgSffe #7| E|etO| «SE|<H °]o ag. gi^E «fE|«|0fl £|£H HHdSl & 

SEeh ¥ Bfgofl HH-tHg S§ ^fl E£b #7| It|5|0| l*gZ\0-\ ?l££S OflS SjCHI ^¥°! £SH0fl °|5H 

HH^d i£o« #SK§o| ^£j£|x| at7H| £JJL, #s r ^o| o^ix^l ojsh ^7| UlcH B4dMlT£l « 
^IST 4 SICK £E& 5SS| ^^|<H| am\om°£. #7| n|^o| ^^£|oh ?i££i eJSBf S4:7^ a}- 

^«to=i s>KE #7i e|s|<hi o|§ H un-yo^ mi stew A^§^i£jo^ ^s^o^ ¥ ^o| 7 |°is^ uh^^^si 

^a|# ^ ojn, 5E cu mil vimw ar^^fe 5s #71 m&wi o| g(l ^ sjoqs ss^w 

^ ISiHI hHEIohsosaH srgSFfe #7| u|a|S HHd^lAHb o| dH*H£| fl^oM °3^£J eJ^5|(#7| 

n|a|o| oj^om °j52o| oi^jn^oHlAH ^^sfoi 2KE #7| n|^o^ ojsH hH^oH|o| «r^o| A-|5H£J0-| oj^e| 

01IAHBI sr t KH| 7|<ytfe UH^X^fiJ X|fi ^ £JaL. SE #7| E|^0l| m #S£J Cu«l^7|- 0| dH^°I 

^0|U o^^o| eJSSf(H| sr^SFfe ^SHSf7| LCHeo^l SS«H!AH°| Cu mi Sftf(H| 7|OlSfe ^£jLH& SlfS ^Ai 

SS°| ^fl 5Efe s^o| #7| i|arcH -gcM S^h^ o| dHd # o\\ CVD 1 ^ o|sH ^fR^M OHP0-|X| 
S°H^O|U EHA|m|0|^^(passivation film)# CtH, ^7| SSS CuS4 S^^l xH^o| Si 

H 4 7^°l BhS* 4= SU«H #7| ygofl 7|OJ§^ ggoj £ qo| S4T*7|(«f-}KlljB)7|- ^7|X| gtoi, o| 

S4fft7|{H| o|§n ^3 «@>o| ^o-lUb 5« 4 ?JCK 

iff 3(HI cfl-e HHd€ ITOU IZO g°| £^a|(conductive film)os Off oHx|fe §K4: £^4 5|B 
A|N£ uHdxHs.s l^nfeS AKS^fe ITOU izo SSI uH-idS ^^a|?|a| an ITOU- izo^sl 

x|g-(contact resistance)0| ^C[. 
C^O|, g g^go| a^n- E?HX|AE^ 7|EKH|AH #7| UH>dI!f #7| Uj|0|^ A[0\0\\ TiN nj-of* 2£ #7| HHt!S 

S§S| ^£4 b-||0|^ ^0|(H| #7|^ UHE|0-|§o S AH SfgSFfe- I|BfO| S^£J0-| o^Al &0KE, £Efe # 

7| SFE4 m|0|A A|-O|o| Ah 7 | E |g|o| =^| 7 ^ o^ 0 ^ Ah 7 | H[ |^ Ah 7 | tH|0|>^ AhO|0H| TiN afo| S^£|oi ai 

#7| IH|0|^I4 ^Sa i h °^-¥^ IdHdO-ll ^^7h Sf^fFO^ 2KE #7| TiNSMI o|§n hHaHo^o| ^f-Aho| x-\ 

t\\Eio-\ #71 mioi^u olas ^ h °^¥E^s| &± 7|°isk^ bH^^s-si #^ ae- #71 ti 

NBTofl o|sH #7| uddsj gJST^ol sf#m 

Hl-EfAH, ^ g-SSl JE BHxl^ 7|£KH| o|^^ i x^ Ai#o| UdAjAHSS A^^b £#A|7|X| ^ 

gO|L[ #±0^ p]tM L|j fchS^S ^# A|5J 4 Sa'JL, Dj^M- 0^*>^m e^|A|AE( re sist) S|E|^j L|j^£ ?f. 

#A|^ $ °loS5 HHT^4S| lf#A|^ ^ o A lH, L(|AJM^0|L|- ^ h X|& ^ ojo D ^ i a AKgffe <H| 

x^•^E7^ H7i mgofl §hh^ s^*si ssoi xflef£]7i o^ji, c^oi eja^si Atonnw #s aj-^ 

« ^xlffl- ^ ° A "o^ se! Ul8fo| %±.%JL &5,M ^§sf°l ^^0| gf*^ MSHXl^Ej 7|&# Al|gt ^ ?ICK 

m Hh@o| E ? ^jx|AE^ 7i&si A-fii^^b #7i 4xii# «na^7i ^i^oi Eie-, seim@i, a§, ea- ScHIaH d^! 

S 0^ «m°J S^t!- «|0!^°j #7| g^5H Ah^l so^ Off 0^1 E^'S AKgf^ §Q|g 0| 

g5|4 #7| g^sfS rjfKfe UHd S4f££ EHEHy^ ^g, #7| m|0|>i# oiyg *HE|(annealing- processing)«Fo^ 
#7| BHNyf #o| e|&, -iElMe!, a§, mo\M -yq^i E |^s ^AH t ^ ths £go S tniK 

#7| °| e BfSSJ EEHxlAE^I A^#S0-HAH, #7| <Hyg 400°C U|X| 1200°C S£tH|AH 30M^ 

lHa| ia|^ SE0|cK o^yll SE7^ 400°C o|^o|°j LW x-|go|oUH tJH-id ^^SS| §5| gcH| e^^ h §sj 
S¥§l ^7^ §heK 1200°CS ystf SE^h Lff ^oF §^o| §3HE|o^ *j§o| § 4 Si 

cK 

g Hfgo| ^mf E^Al^Ej 7|& A|^^a(H| fi|*Fe, #7| o-\± §ms| ?^°| g gfSfil HH-JdS ?>b mQ!a|a 

7[^s a-ii^^ ^ oick oi^e Eie-, SEiMtii, as, eg- sow -dqe *msi mioi^sj 

o| #cHj oi\S feel Off<HS AKS& 2^4 o^7||^ A^^E^ #x|(two- frequency excited sputter 

ing apparatus)^ AK§f r cH U|^SK^*|7| t\o\\k\ §qg S^tfe mSSOfl SJ«H, ^7| H^st SS| ^±1 §af 
S°l E?J^ 4=7h ?M. 0| ^, 0| §Qt2|- #7| 3^°^ ?J^b S#°S n||E|y*rfe miNygSS ^Stfo^ § 

S^SKol, 7=l!^tr0^ #7| miOlA* 0^ysl *HE|SrB o H 7| 5^ g(H| ESJff S^fJ4i7^ #7| §go| i0cH| ^ 
SrHS. #71 §SSJ ^^|0li E|EK MEIMEO, 3», &t S0H|A1 ^ehS ^ I|Sf# S^tf 4 SiCj-. 0\% SJ"0| UflO| 



0, tfofl §oii o|sn j!|p|^ g^oji bii*ho=i uHdsi *rmm &n tr ^ ^n, ee oi an^oj 

il^S ^77ll7h $o\s. uhs-h a-ol 4»go|i4 aixj^e b|e|oh 0 ^ pis- lH ^§^o|l[ oflsxil gtHl cHS Ut ^ 
stS, ^VS£| t VaTM.@!3c|^El 7|& x^^g #71 nnm m y d°t7\ fl*ta| ti\\0\± &oHl TiNBfg §^tU, 31 

*m<M #7| TjNB f ^ofl E|Eh BEb EjEh tfS*g£ 0|^0-|Xfe BtS gg^CH, #7| E|fh SEb E|& £JS|-£S 0^04 

x|b o| At-oii §o£ ol^oHS E^ig Afg^o^ ge|g ?^§^ ^gsfos ^ o| "g^f fJ^b HH4d SfcS 

EHEiyet-EH, H^tW &7| IH|0|AS O^H jHB|6MH #7| fl^yS #0fl E|Eh cc^ E|e Ahf^^ o|^o-|x|b 
I|Bt§ f^b ^S£S t[± ^S0|0-|E gcF. 0i7|AH°| E|@- EEb E[^ tUfll Ol^O^fe B|-o| =p*||S|0] 

oflSb e|& SW^ofl cH& tt± tM$9\ u|7h 1 lH o Ujx| 1 cH 2£J e|L^I s| g# & ^ ?M. 5EEh E|Eh SEb e| 
& AjSFgs o|^o-|xfe a|^o| ^|*hoj oflsb e|B ^jx^cHI cHS £jx^°| ul7h 1 q| o U|x| 1 lH 2£J E|gt 

m si ft ^ aicK 

#7| S |Jg°l m.&X\±E\ 7 IE* X^^SOflA-i #7| 0-| y 0 ' 300°C Uj*| 1200°C SE<HW 30£ 

TJ U|x| 1 A|# SE0|cK <Hyg S£7fr 300°C QlEhoiS M¥ X-|£O|0-|Al UH^H §^go| go S £j 
±S §£o| SESJfi- ^ Sin, 1200°Cfi ££7|- LH^ £0|- §^0| §§HE|CH ^S-0| g HH£Hg S^ff 

#7| ?£S| E^HXI^EH 7|& *l|£gSofl o|*^, # 7 | 0HJ= *m°| ^-^o| H H£jO| TiN^M g^O^ HfBf 
EaHx|^&| 7|&ft xil^S ^ ?JCK o|2£ TiNSfft S«ho=| m^tl bH|0|^S| E|e}- e[ef ^s^s 

oi^o^Ib a, h -^oi cHSS ftS go^ ol^o^lfe e^i# 4g^<H 2^4 o^7lS ^h-Je] u\tm & 

fl7| *f(H|Ai §Bt# S-o^b ^OfSSOfl °|SH 4t7| E|& cc- E |EF ^H^ftS. 0|^0HXfe §£| E|Eh gOj 
§£S E°Jm ^ ?JEK 0| #7| E|e 5Eb E|fj- 0|¥0^X|b ^4 g5|o S 0|^0^|b ^5^# 

HH-id S4[o S nHNfei^fe nHNyg^ft ^«Sfo=| SSS 7^^oi W|o|^fi o-|y u *HB|«Fe! ^7| 

gojj coj^j E|e[ fJ^S #7| §§°[ SSCHI SSTt!-A|?|H£ ^7| 5Eb i^Ofl fiiS0|L| HHEKHS 

o^AH EEb E|Eh ^SFftS. 0|^0^|b E|5tf ^ ?M. 0|SJ ^0| X^SJfe ^ E?Hx|^Ej 

7I&SJ HH^°| 7| SSSI ^fl (HI S^£lb *f7| SS°I iE!<HI S^£Jb 3^ £Jx|e.h, o|^S e| 

^ Eb E|e A> s ^ s oi^oHxib Bt°l ¥am ^|o|^# o-jyi! *nsi& aflsi o^y U gsi o-|y g xi|o-| 
«°S*I xi|oit ^ oi cK 

EES, ^7| H)-Bf EgjxI^EH 7|&S| 7^Z.<itWM #7\ TiNB[ ^Ofl ^B|^b Ellh Eb E|B tfSFSS 0|¥O^X|b Of 
SJ ^ZH|# 10nm UjX| 20nmS ffe 5!0| UH^ShCK B\& 5Eb EI& 0|^OHx|b afSl 20nm 0|«FS 

go^ U£0\ Q0\X\3. MWnS^M Cufi AF«8fe S.Jlf7h ^X-|Sp^ U^t^K SB, E|& 5Eb ^SF 

ftS 0|^cHx|b aj-sj ¥^lft 30nmfi i4^o=| «Fo^s. uHdxHSSAH Al# A^^SJft oust 2£ S£^x| x^ 
?, h o| Qie<H| Cu# Af-gsfb °|spf g^oHSO-. 5E&, E|& 5Eb e|B m\%3. o|¥o-|x|b efS| ¥Z?l|7f tonm 

OlL^jAib Oiyg jHS|0| °|SH CugSj ££<H| E|E] SJ4 : 7^ ^ZL, gg°| 5Eb SSoil ^^£|b E|Eh 

^x^o^ ens ^± *lx^o| u|7h 1 cH o lHx| 1 cH 2^J e|& EEb e|e> tmSS- ol^o^lb gU, 

fil§0|a HHBloHgog./rjoJ J:4g odg ^ oheK 

EES, ^7| SL 5 i^X|^E^ 7|& X^^^O^Alb ^7| StHI E|Eh 5Eb E|U ^Sfgs. o|-^o^lb s|-sj 5 

eo-ii ^-ys Eie AF^gg sE^^o^ omo]\ s_m j^^osm m\±m onyt," xheism sbj- §chi s^sjs eib- s 

±1 ^71 S§°| i0o-|| £fA_hA|7|7| fl& 0"l y o' g£f ^ ?JcK 

SE& #7| 0^ «msj ^^ft ?>b S gfSSJ ^ hg l EfH^I^Ei 7 IS n\^ a A^0]\ o|^DH_ aj- 7 | g^o| 0 | ^^fj tH|0| 
A ^ 5Eb ^7| B\B ^b E|B A.hS^S ol^o^i Bfol TiN^g g^o^ lH|0|^ ^Ofl 2¥^F 0^7| ^HHEHgcHI 

s|gH §s|S *^§hb ^BfSS, o| §^°l nHEHygS, a! ^7| m|o|^£| o-iyuggofl s|«H ^ BTSofl cfl-e hhah# 
iH|o|a aho^ go|ff^| $ *||£SS0| ^&tHx|x| abcK 

nc\7l, &7\ 0i± «msj 7h fe M H|goJ Hhnh EEHx|^E^ 7|S X^^^e XjggS°S ^IO|A ^CHi g ' 

SS| HHAH# ^AH*f ^ o^ioo^ 600°C Ol^oj 7^0H| 7jE|X| §^b ^B| 7|& §S W|0|-^M A^ffe S¥0l|E 

5E£^, ^7| 0^ «ms| 5Tb S ^§S| HfBt E^HxI^El 7|& X^^gO^Aib ^7| H|^0| AJi| ^A|?i 

4f7| 0HyslA|o| ^\7\0]\ A^ S *^^X| 4IS^0 tt±£W£| m^H|gO| 0 IRS ^ gjal, 

SEE!' ^7| cHyg!A|o| Mfl7|S| Ai^gg^g §7^A|Soe.M^ i|Sf §o| A_h^^o| g7^A|S 

^ £>cK 

^ ^S(H| [the °-*!S5A|&x|b ^7| 2[x« §H 7 J^7| flsfo^ LH§ HUxIS iy> h °l 7\B Mom °H§0| 77|^JXi °-X|£| 

1, 1^S| 7|EF s-^0| #7| 0^ «H4S| ^AHg m afgo| bFDh EEHxI^E] 7|&fi! 5S ^SSS 

g gj-goj oH*H£A|£x|0H| oj^ig X-| X-I^HH^ SAH gdHd* A^gS S ^SSI HfBt ESHX|^ 7|ff0| ?U|£|H 

S uHdxHlto^ 7|£!tfe a_I5:^o| ^^g. uHAjx|ojo| gf^8«F7| o^Ji, u||ajo| ao^lb S.MU HHdol 7fe 
oHx|b i SAH|(S«ffl)t!- £A|<H| il^oj iA|&*| g# *o|«F7fl y^t ^ ?Jb o|So| SlcF. EE Eh mil bH, h S^.¥ 
EHsj stB|7h et!Mlfo|i4 Y^o| ^^§hx| a°cH, EE HH^4 fijaot^fil 40|(H| #Jl ^aj- S ^ 
Sib £ BTSSI E^HxlAE-j 7|&0| ?H|£|H^ S;&0\ gfJlS 9|SEA|5f*l# «ISfi ^ 



E 1b b Sfgofl ri r e xl| 1 4'Ai^Etfsj «jSiA|S*|2F sj-hj- EEHxI^E^ 7|&3 U^yj E. 
£ 2b E 1 S| Htsf Egjxj^ ?mo]\ ?b|£]fe ^|o|M E|b oflg 14 ^y s]-q| B^fE. 
£ 3b £ 1S] ^ eshxIaeH 7|&ofl ^H|E|fe »|o|M g^o| ojg EfLHb «TP| B^£. 

£ 4b b ^gofl ttrb ^A|^EHSl HfSt EHHxI^Ej 7|£ Xl|i&ScHI gf£SMI A r §£|b ^ *fl2#*|o| gS^* 

£ sfe b B^stHi [[[^ ^ai^ehbi Egixi^ 7 is ais&aofl A r gEib *w ais&*is] 

8 UEKHfe S<££. 

E6SE 5<HI L r ^y afrsj- 7|SS*|o| SfcHih 3f£E. 

£ 7afe b SI" gcHI xih 4'A|^eHo| eq-ai- ee_h X |aeH 7|& *|£&SiS| &| §S© L r E|y E. 

£ 7bfe b sfgcHi [[[ff xi| 1 £JaiseHs| myxi^Ej 7|& xi|£^s| y H-^i-y e. 
£ 7cb b £@ofl :ch5 x|i yAi^Hs! ^ esh*|aeh ^ x^^si y ggg. Lr E r y e. 

£ 7db b St@(H| □}» 7SH 4|A|^Eflo| ee|H;»;|ae| 7|& fl|£&SS| £1 S§§ L^y £. 
£ Safe b ifgCHI flrb X|1 4JA|**E||S| B|P| EL£H X |^EH 7 |Eh XfligJSSl %J ggg L r E^y E. 
£ 8bb b £gCH| [[|5 Xi|1 -yA|^E||o| ufof ey^lAEH 7 IS" Al^^Sl y ggg. L^y EO|C r . 
£ 8cb b SfgOfl [L r S a![1 4'A|^EHo| HfBf eb_Ht;|^E^ 7|£H *H£gJSS| &j §§* L r E r y E. 
£ 9fe b SJ-gCHI LLrg X |2 ^A|^Ef|o| oHxH iA |*^ efDj. e^*^ 7|&S| U^y £■ 

£ 10afe b £S<H| tr|b *|2 4!A|^eHs| Hfsf e^^i^eH 7|ff ai£#SS| £ §§§ U^y £- 
E lObb b utB M2 -yA|SEHo| etst eyxl^EH 7IS xfls&Ssl <u §SS ^^y e. 

£ 10cb ^ SfgOfl D^e XH|2 4'A|^EHo| Hfaf EBHx|^E^ 7|& X^^^o| oj ggg L ^yj £ . 

£ lOdfe ^ ^ D M\ v&E n\2 ^A|^Ef|o| *w ee^hxI^e-1 7|& °J L^y £. 

£ 11afe S £g(H| tcf€ XH|2 ^a|^eHo| ey^l^EH 7|=f xfli^aal ^ U^y £. 
£ 11bfe S gfgofl ccFe ^|2 4JA|SEHfi| HfSf E5HX|^EH 7|& x«s^ao| %j §SS L^y £. 
£ Hcfe e tfS«HI ajff 4'A|S^°I e^hx|^eH 7|& ^li&asl ^ SSS U^y £. 
£ I2fe £ 8 si Hfef MSjxI^N 7|ff(H| ?u|£|fe M|o|e ^9] c\B oi\m U^y arcfl &a£. 
£ 136 £ 9S| *W syxiAEH 7|fihtHI ?u|£lb ^|o|e s^o| Efay «[dH BS£. 

£ 14b ^ Ugofl o^e xfl3 ^a|*^eHs| s^ar ebhxI^eH 7|&s| &S« U^y e. 
£ 15b chi^qh ^o| m x \o\\ is| bHd s^si s^s^S UE*y a^i. 
£ 16S «Hls«a| «js| *s| ^A|oi| 2 s| uH-fid £Gs| U^y a^. 

£ 17S oa|*io-H ^o| dijaoii isi HH-id SSsl g^i^lS- L|E|-y a|£|. 

£ 18£ ^A|o^| 1 oj uo-tHoj Oi^m *1B|5!S| Ulld ?Ii £fle*lH(Auger Electron Spectroscopy analysis meth 
od)cH| o|SH SAI-ft an|* UEfy E"30|cK 

£ 19b 4IA|ofl 1 s| HHtfo| oiyu ^si^si mUd^s* £x^^^ch| s|§H s.m 14# u^y £. 

£ 20^ 0|*IQH *|5H AjAjfll 3 o| y^AH ie! o| g^i^lg L^y AFS. 
£ 21 € (H|tJS| *j*H ^oj Ai A |oi| 4 o| hH ■id a^S| e^i^S Lr^y A r £j. 
£ 22b om°^ ^S| H|H(^| 4 s| uH-id S^i^jg L r E^y A r 2J. 

£ 23€ ^A|0^| 3S| HH>H Oiyg ^BISSI HH^^i* 2^-IM^StHI S|SH £EA r & ^2 r # L|E|-y E. 
E 24b 4'A|cH| 3S| HHd <Hyu xiEl^Sl bH^^iS Exie^^oil 2_m £AHh UE|-y E. 
£ 25b Ame 1 S| £A^^^oil S|SH 24* UE^y E. 

£ 26b A|EE! 2 S| EX^^^Oll S|SH ^A|tt 24* U^y e. 

£ 27b A|E£ 3S| EX^^^Oll S|sH SAf& S^r* U^y E. 

E 28b A|^E 4 LHX| A|S^ 8S| ^§^S| A|M ^^(sheet resistance)© iA|& UE|-y E. 

£ 29b A|^B 4 LHX| A|^B 7SJ a- Si : n + §4 CuSf A|0|S| g^^S| UHB|o^(barrier function)© iA^t^ 3 

HI L-r E iy £. 

£ 30b <HyH ^E|5!S| A|^e 9 S| ^ZE2r 0-iyH bES 250°C^Ej 500°CS?|01|AH ^9^53* 0HS| A|^B 9S| 

fix^^^ofl slsn iA r *h L r E|-y e. 
£ 31b O^yi,! *1E|ES| A|S0 10S| OHygj g£ 300 0 C¥E^ 50o c cS^|oaiAi ^g*isiS ffllsi A|t^ 10S| 

S^^^tHI S|fH £A r th S^rt UE(-y E. 
£ 32b A|EE! 11 Ldx| A|^^ 14S| sjsetsl A|M^*fS iA r & UEfy e. 

£ 33b SEHS| Q|SiA|&*N ?u|^! E^HXI^E-I 7|^S| °J o^|s| §F^¥1 UEFy ?H^£. 
£ 34b £ 33S| Hf°t M@|X|^E| 7|&© L^Ef-LNb E^£. 

^A|CH| 

oish b arssi ^ 4JAISEH* ^Al|5|»| ^S^xlEJ- g age o|g 41AISEHS ffSElfe 5b o|u|cK 
<x|i 4 | a|§eH> 

E 1b b ^SS| d|SiA|S*|S| 7CHJ1 -yAi^EHs) SY« i-FE|y 5°^, o| «h 4'a|^eHs| a|SJEA|S*|(30)fe b 
ygo| aj-af £5Hx|^EH 7I&SI 4JA|SEHS| u|§ ?fl o|M^(bottom- gate type) *W E^(^7;|^E^ 71^(31)4, 0| a|o[ 
ebht:|^ 7|5r(31)tH| 7 -4E|£|o-| ^@*|- cHST 7|&(32)4, ^7| J=!N*|AE| 7|&(31)3F cHS 5 

7|&(32) A|O|0i| ggfj ajSS(33)g ^U|§|0^ ^^JE|04 ojEK 



M 7 \ Bj-oi- eeh X |^&| 7|S(31)0fc £ 33CHI UEfLH gSHSj £>S W{Wi¥\)9\ C^°l ^ UH^Hf S^(«?lJ 

)°j E|4°J 7j| 0 |E HHdOi CHS 7|&(32)°J #E «fOMH EA|£| g^(H| D|ji=5<A§0| £|E* HH^ ggSjcH. 

4^ uH-id2[ »|o]m HH-Jd°£ |M°J c^o| eye* z^z|-o| ^4:¥£ ilcH, z| Shfc^ofl cHSSfe S^lofl ^ H IT0( 

oj§ .^aH Aj-g^) go| £ £j xn ss 0|^0-iX|b Sr4: ER(35)0| g^Elfe gA|«H| ZJ- 2^(35)°| E&Ofl 
Hfca ^|0|e^o| HfBf J=EHx|^E^ S^E|0-| ? A ICK 

^■^i ¥^§ u^y 5°^, myxi^EH 7is(3i)ofe £ r £¥7r e^ s^sjch «is£Ai£*i(30) 

0| ^E(Jo| h^bJ- eeH^eH 7|&(31)0-|| ^oWfe ZJ" §h4:¥0|| 5|<HE. £^0| S°jAHO| 7|&(W|0|^)(36) #<H| 7fl"0|M 
2^(40)O| ^£[11, 0| 7i|0|e £=(40)21- 7|£|(36)S QllM 7H|0|e *jgBj-(41)0| Sg£|cH, ^|0|M £R(40)°| 
7|0|e £gB|-(41) #0|[ no\E. S^(HHd)(40)M^£ ^£ elE^i fegsf(42)0| SJgEUl, 0| £h£*l sSSj-(42)fi| 
SfE+¥ #<H| n + § §2S O|¥0iX|b E^ 1 E^(chmic contact film)(43, 44)0| tfE*ll b§Bt(42)°| &¥£r 
Mm ¥^0\ y£S| fe§^(42)°] §#¥ ^<H| Zl^-g ^ji Ahj- ^ OH *4§£N ojcK 0^7|Ai 7|&(36)°Sfe # 
B| 7|#0|L r i^Oll SiN x Qf(36a)0| 7|£|§ AUffi- ^ 

oi7|AH 7H|o|M ER(40)£ SS(40a) ^flofl i|st(40b)S 7Wb 2o|eK £|a|(40b)b E|& £b tfSHS o(¥ 
oix|b E|at, SEIM0! Eb §E|M@! £h§HS o|¥<Hx|b maf, 3 § Efe am tts r g£ o|¥oix|b m, EhU 5E 

b El" If tfSrSS. 0|^X|b 3L|Hf f§ 0^ ^L|oJ 3L|BfO|CF. &7| E\& Eb E|§J- 0|if O^b E|Bf S| 

*4°] oflsfc e|& cH& ?jx[^oj uph 1 cH 0 U|x| 1 cH 2£J mm 6 4= 5JeK SES ^7| §B| 

Me! rc fe s E | M dji ^SFgs o|^oHx|b ?*H^eJ ojsfe SBIM0! *j^4=ofl 0I& ^ *W^£| ^l^ 1 

0 U|x| 1 EH 3?J i|at§ i- ^ ?iEK EEtl ^7| Hfi sfe af iliUS o|¥cHx[b m$\ =F*I«4CJ ofl^b 

Hi £W^<H| QH^ ^4: f^X^o] fcd|7h 1 EH 0 LHx| 1 EH 1.59J ^&°\ S|^ h S 6 4 s 9Jc|". ^ H 7| &t EEb Elt 

tIStfS o|¥o-|x|b E|af fil ?*H*!£J cH|g.b S^ofl cHtl tt± m^9\ uph 1 EH 0 U1x| 1 eH 2.5SJ 

mat § mm m ^ 

^7| m(40b)B E|Eh3|4 E|Bh AF^g^ o|¥oHx|b 5>b 5)o|o^ tin, =F*l|s|eJ oflsfe e|E^4 e|& ffl 
^ofl EHft xdX[^o| u|7h 1 EH1 LHX| 1 EH 2£J £g£| ^IS 5>b 50|0H£ E|cH, Me|- ?*fl^£Ib E. 20|| a 
UF^ ^ h 0| SS(40a)°| ^?|«HI S^S E|Ehaf(40f)Jlf 0| E|ihSf(40f)£| i^Ofl E |E h f4j\^0]\ me- ^ 

*W4£| 01^ 1 cH 1 LHx| 1 EH ^^^l af S£| Eie ^SFgS o|¥0Hx|b Qf(40g)S 5Jo|lK E 3ofl \4e[ 
y 5T0| §5(40a)S| ii¥«H| S^S E|^5|(40h)4 §S(40a)S| ^ £l¥^| E|e ^j^^(H| cHtf 

^4: fflX^o| Uj7h 1 EH 1 LHX| 29J Bf go| E|Eh ^h^SS. 0|^OiX|b 5|(40i)S ?>b 2o|o^ Hch. 

£Eft, 7| 3i|at(40b)e H# d-^SS o|^oHx|b s|« 5o|ohe E|i, ?3|*|£J o^l^b 3*Bt2F a§ 
cHfi- a>± €dx^4 ; °l tdl^h 1 CH1 lHx| 1 eH 2£J s|S 5>b 53o|oHH £)Di, M.c|- ?*)|^o^.- e$(40 
a)S| ¥^|oi| S-ys o| ai a 4°l l°Jo| hS fflx^cHl cH& ^± S^^fil U|7h 1 CH 1 lHx| 1 CH 2 

el of SSJ 3i o|¥o-|x|b st# 5: h b 5!o|U, §S(40a)°l ^¥ol| SS(40a 

)S| ^Ffl £h¥o^ S-^^ a§ «!x^ofl dl& Sxf^oj u|7h 1 eH 1 lHx| 2£l £gs| ^ 5°l a§ tHHS o|¥ 
o^xlb ^b 5o|oH£ m. 

C^SOi £ 1 oj 101 | q-Ei-y S=(35)°£^EH ^OiS ^)Sj S^^(43)°l ^0, ^ffl, §J Zl 0|-HH 

SI yE*B sSBf(42)S| il^^HF 0|ft(H| Sj^SFb 711 0| M a^^(41)°| aj-d^ SHAH, ^ fe§5,h(42 

)4 £SJ B^B|(43)0| ^A^Xlb ¥¥(#S¥^)w SUA! 4:^ ^^(46)0| 1^aH£JoH ojEK 0^7|AH 4:^ t!^(46)b 
SS(46a)°| ?^|o|| H|B|(46b)# 5ffe 50|eK E|^(46b)b ^7| 7^|0|e S^(40)S| S|^(40b)4 £b 3t|a+°S 0| 
¥OHx|b 50|EK 0| Jl|a|-(46b)S 7l|0|e S^(40)S| I|5|(40b)4 D^7^|S E|&^Hl- E|£h fiX^O| CH& ^ 

± *|x^o| u| 7 |- 1 EH 1 cHx| 1 EH 2£l q §£| E|EI tH(|i o|¥o-|tl of* 5fb ^o\o]S. @cK 

1fiJ SgS£(E 1 0|] L^y ^ ?j^(35)Ol| 5^)S| odI S ^oh {44 )o| -j 0 ^ H o| y 

Ea-II feSSj-(42)fi| ¥^^4 OlfeOll oj^^b no\*L a^Bf(41)S| ^¥¥S SHAH, ^ yE*« 3^^(42)21- 
om S^Bt(44)fi| g^^^g §HAH S^(48)0| S^SJOH SJO-. 0i7|AH £E||ol Sq(48)b §$(48a)°| ^ 

a|B 1 H(48b)S ^b 5*o|dK n|Bt(48b)b ^7| 7-||o|e sj=(40)°l a|^(40b)4 h|b|-°£ o|¥oHx|b 7 ^o|eK 

a?t, 0| I|Bj-(48b)b 7H|0!m S^(40)£| I|B|-(40b)j* D^7WS. E|Eh^i]| E|£h SJX^CHI EHth tf± ^X^o| H |7|. 

1 EH 1 uH^l 1 CH 29J at §s| E|e ^SFSS o|¥o-|*i sfg 5Tb 5!o|o^ ScK 

Eil, Oft Zf 5j-2j ^lOfe SoLAH H||A|m|0|^BJ-(49)0| ^^£lH, Hai°J £R(48) ^ 0¥ *rsi EHA|W|0|^ 

Bt(49) ^Ofc Shi ^(35) l^^iEjoH ojooi 0| ^4: t!^(35)S nHA|W|0|^Bj-(49)<H| ^£1 g^l*(contact hole 

)(50)(Hi ^^e- =a^EA-i¥(5i)# cajoj xj^ (48)0 ^ g^£|oH °iek 

t^, Hj-Bt eshxI^eH 7|S(3i)ofl cH^oi S^tloH ?Jb cHif 7|&(32)fi| ^o|b PIS 7|=l(32) ^o^¥EH a 
£H SEH(52)fi|- S^a|(53)0| ^!§£|oH °JcK SeH l^(52)b iA|o| 7|o^s|x| p>b sj-at- j=ehx|a 
EH ^^0|U|- 7-||0|e ^« oj ^ ¥ «s goH #7|7| flff M^l DHMSi^lblack matrix, 54)Sf §r4: S^(35)S 
S^S- Sr4: <g o 40\lM 3.M0i\ 7|0^|b ¥¥§ SX+S|b §S ¥^Al7|Jl, £E SBH SA|# t[7\ 5r4:¥(55) 
- ^n\S.M £|0H ?JE|. OIS f^¥(55)b 2!|SJEA|^x|7r W S.M ^2.t[JL, ®±¥0[C\ 

£|0H °!x|Eh fiJSSrb 5|4:¥0l|Ai ^ ^o|7h L r E^ 0^|S R(^), G(^), B(3)£] 3*!^0| ^ Sx|7h gjE^ fl^ 1 
^oe. 5Eb HH*ISCK 

O.BU, £ 1 0H! LrE|y| BB^SoflAHfe ^aj- eeht;)^^ 7|&(31)fi| ^ ^ cHlf 7|ffl-(32)S| aijS ^oH| S-SElb 
HH?TSt(oriented films)* ^§T^b SA| ofl e|B| ebHx|^eH 7|&(31)S| fil^Sr 0I§ 7|S(32)°| Sl^Oll S«£|b 



E 1 O-Jf l4^t_H «!SiA|^*|{30>t)fl ^UlSlfe 44 EgjxI^Ei 7l&(31)°Wir *SSo-||aH e|-e §g oflSff ml ME 
£|b ttSWI °!b jfl CH|*i3t||7|- 7||0|M ER(40)0|l_ r £A £R(46)0|L r £iB]|°l g=(48)^X| ^cH*oiE. §S(4 
Oa, 46a, 48a)4 ^flofl 44 fi^^o^AH 4§Srb #7| Il|4(40b, 46b, 48b)0| g££|<H ?i£££, 4 £40) 0j| 
*'*I|<H| oj«h g>7| oiE^oj, 4 240| bH^sS¥E| 4B|£lb 2« tfxltt 4^ &b flofl EhfcdSitel SI^BS U 

*IS 4= Slal. 5Eth Argfrb OflSX|o| X^E7 r HC r . 

£E£h, i£E|^ZLE^E| SSoflAi A r g£|b EM^M 4E|°H0| TflOlM *R(40)0|L r £R(46)0|U cg||ej xj^(4 
8)0fl^X| iD*0-|£. SS(40a, 46a, 48a)°| ^Sf\Q\\ 44 #7| 44(40b, 46b, 48b)0| gg£|<H ?i°HI £I|X|AM 

SfBl^Ofl 7h £j=0| J£g J^AIS 4= ojcK 

SEtt, ^|0|M S^(40)0|U £4(46)0|l_ r E.e||oj xj^(48)€ §t§(40a, 46a, 48a)°| S|^0<H| 44 #7| 44(4 
Ob, 46b, 48b)0| §^£lo-| oioi om £iofl 4£4 £XM o|g|j tj xj=L ^o^oHI {4^go| %^£[b Sio| %io-\x\a\, Ah 
4^o| &lb o^xlM o|sh Hj- 7 j oHE4^cN, SfxIS 4= SW. E2r Ho\m. 24(40)014 ^ *h 

= (46)0|l4 J=y|°j £R(48)£ 44 44(40b, 46b, 48b)# 7\X\5L ^°HS 0|g £R#<H| CVD^ 9-M 
4(41 )0|4 H|A|tH|0|d4(49)« nj| S^(40, 46, 48)§ ?£!£rb Cu4 S£4 54 S-gSHSeJ SiH 4 7 r A£ r 

xit ssroi g^tfb 5§ &4i h ^ ^4. 

EES, ^lO|M ER(40)O|L r ±± E4(46)0|i4 E.Ej|£J 2^}(48)b §S(40a, 46a, 48a)°l 9.\^0\\ 44 H(|E|o-|go 
^AH 4§Srb #7| 44(40b, 46b, 48b)0| £^E|(H ofon^. ttf|0|^(36)^¥E| Si7h mt&Oi 4E #7| 44(40b 
)ofl o|§H 7i\om S^(40)(H|S| Sxf «rtho| *|SH£]<H ^|o|m S^(40)£j %m 4» 5E& SS(40a) 

ofl/H Cu *!^7|- 7H|0|e. aojnt(41)S «T^*|-E=I ^oiE n|5|(40b)0^ o|§u Cu ^|0|M S^^(41)SSS| «T^O| 

7CH©HiioH €5(40a)0^AHo| cu$j^ Sf^cHI 7|£jf^ S2j L-Hgf ^XlS- 4^ SJSIN, SS(46a, 48a)0|Ai Cu «d 

7CI-7F #JE*|| feSBt(42)°S ST^ShEH ^0^£ E|at(46b, 48b)0H| o|8|| Af 7 | Cu ^j^o] tfAh 0 | xH§H£JoH SS(46a, 48 
a)0^jA-io) Cu m *r^-(H| 7|ej^b ^E*l| ^eH(42)°| eah oj SW ^ X | t ^ m 

EE®, S^(48)g ITO^ 0|^0^fe &± a^A|5HE UH^d AHS^aH A^tfe S^Sh 5fO| I 

TO §o| A h4:7 ^ ^j^(48)S ^^A|7|X| &JL ITO^S-I ^0| HQ. 

[^5[AH, 4'A|^EHo| HfSj- MSjX|^^ 7|&(31)0^| ojt^ *i xmo\ y[]AH A^gf^b ^^A|7|X| fit 

2 ^tfom thiofl cH^o=| m Ah^AH S ^ah A |?i oi JI) Orj-p-i — |- o^^m EpI^M ^ 5 |oh S<H | cH*ho=| LH^S ^ 
4 aJo SS u^af^sl 1T^A|^ 4^ B^MlfolU 4^ EEth A^tffe 

0H|*"7CHio| H££ gHH{H ^oj gS0 | Xl|of£|7| O^i, D|^0| <2JS^°I A+O|0fl «T^» 

#x|«f 4= a!7| cm^oHl lhohoi o^ § ^ ^ SB | ^ah 0 | o^* h aim ebht:|^^ 7|&# xi|§^ 4= ?M. 

X|1 iJA|SEHo| O|SaEA|S*|(30)0| ^^th UhSl- S>e S|S| e?Hx|^EH 7|ff(31)0| ^P-yliJOH JJO£S uH-id 

^&oii 7iej*t i!4 ssr&«m undxi<yoi itmtfri owa, m&o\ so^ib saiu hh^oi 7*0^1^ 

oiSAil jea|(H| ±1*!°! SA|^x|S %om?i\ Mfi% y 4= ?Jcffe o|go| ? A 'cK ££f dH^os¥&lfi| HH-fcd ^Bpl- Kal, 

Bdsifom awl asm, HHd4 eja^sj afoi<hi ^ h ^i» ^ ?Jt ^ei^i 

AE^ 7|#(31)0| ^U\Z\0-\ ojoDS sa^o| #S ^SSA|^x« Xii§& 4^ ?JcK 

aSOfl, S 7|& XflS^SS £E -I CHI Lj-El-yj H|Sf EHHX|^E^ 7I5JS £S<HI 

4JA|SEH<H| q^o^ ^g^cK 

E4b xih ^AlSEflsl E?Hx|AE^ 7m xfli|,^oil Atg£|b sfsf a1|£S-x|°| ^Bf4J# a^yi 7Har 

?^£0|H, £ 5b *m X^^^|oJ SxiRAHs ^ej £ o|^, 5. 6b £ 5<H| UEtyj ^ph X-HS5f*|S| 

*fPI£i- ^EEOlch 

E4b ^et^EllS 7fe£f L^EKHll, 0| ^Q,^(60)b E 50fl LfE^H Ut^ 2f0| y*4J(61)£| ^¥0l| 

7-||0|e ^H( gate va)vei 62 )S gtM s ^£|0-| ojcK 

4f7| y^4'(61)°| ^°|(X|b ^a,HAj(60) fi|«H|, lbH(loading chamber, 63)2 r ?dSS S ^(unloading chamber, 
64)fir, A£7H atH(stocker chamber 65)7 r 44 ^^4'(61)S MEHM r 50| ^£1^, eh*4|(61)j^ a 44' 
A r 0|0|b 44 7||0|e «JM(66, 67, 68)7 r ^*|£j0^ °!cK 0|^ Uf£r ^4^(60), ^41(61), SH( 

63), ejSS SH(64) §J 9hH(65)CH| °|5H ^4 «|iS*l(A , )7F ^££N ?J4. 

4T7| -^44(60)^ E 4CM| LrE r LH u\S.\ ^0| a #¥<>fl A||1 S^(70)O| *dx|£|H, 7CHH 2^(70)£j ^e«H| E^i(71)Of 
Ajff57i| 4i h n^nsm ^ h 4£lb SA|oi| ^°^(60)S| ^Woflfe ^2 ^4(72)0| ^*|£|r^ xi|2 S4(72)°l #<go\\ 

*4o-\5. i^oi s«y^e! 7i&(36)oi Jtftsn 4& 7^«fe^ s-«i-jej<h 

^7| E|-5!(71)# ?^* r te AHSSb ^|0|M £R(40). 4:^ S^(4€). E.Sl|el S^(48)^ ^^frb S^o|b E|&, g 
EIM0.I, Hi, &1T gO^lAi Aj£H£| tmoj S0 | A r S£HL, a- Si : n + S# S^frb S^Olfe nS a- 

Si : n + &&%°\ P ES Si7^ A^^lEK ^7| 7|^(36)°^b 44 7|&S X^Sfe S^Ofe 4?Bj 7|& 

# ?ri«r7fl ArS^ 4= ?JcK aff ^7| 45.1(71 )S| S4cH|b S^j ^(electrostatic chuck) ^^, h &E=|E! 45 § 

47ps Ars§ ^ Sa'ek 

^7| X|1 ^4(70)b £S£*HS£ 0|^o^x|b E*I|(main portion, 70a)£r 0| Exi|(70a)°| 2,&o\\ ^Sr^, S 

fr4 Eb MSF4 o|^x|b M5:S(70b)°^ ^^SjoH said-. 

aE|i, #7| XHH t!^(70)ote xlh H^5!€j(75)0| S^£lb §A|or| Xfll ^^(70)4 x-IH H>^2£!(75) Aho|oHibr S 
ff£|^(75a)7r 4tSJ£|(H ° A iJl, 0| S&SIS(75a)b H^4S^4 ^^4* Xi|7-|t r b 4SS SEEr 34(70) 
ofc gJ4@^ X^ 54 ^Ei(low- pass filter) g°l CU°3 S4 SN(band- pass filter, 77)# §f r oi 



^(78)0| S^iM ?JCK 0) m IJEH(77)fer *]#£j^(78)0|| jl^H^ *jE|X| $|SS| ¥£r 

#7| X||2 ER(72)°fl£E *l|2 jL#SS(80)0| S^Elfe 5A|ofl Xfe ER(72)2r fll2S| J2ff£jS(80) A r 0|o-|fe # 
71 Sff£|S(75a)2r 5fS ^gS Sfe StfS|S(80a)7 r tf£j£l<H SJch 

HSIjI, #7| ^5[4l(60)0flfe *]§ HH7|# SI 7 r ^ HH7|go| UH7| ftL|E(60a), gBt4l(60) L||SS| £hg 7^ gg7| 

?(60b) S&SU SJOLI- £ 40flA-fe L^WI §r7| flsH 0|£ft Ti^Sr A|5H 7|xHs r S;!cr. 

c[§0), #7| y^4'(61)CH|b UH±|(link type) ^#7p(0H*i fHc i magic hand)(69)7 r 4*ti\S\3L, 0| fih^7|?(69) 

£hfeii(61)Sl g&¥ofl AHI^jx^ ^x|£ x|*(74)S x|S(£f£)°^ x r *x r Xr|^ £|2S r E^ ^x|£|Ji, 
9bH(stocker chamber, 65)0i| HHxliloH °fe 7M|e (cassette, 79)<HM E r 5!(71)S ZflUI S'S0| LC[£ r ^S|-{J(60)£ 
ttSsU. ^at^J(60)S| X||1 £R(70)<H| E r 2!(71) § &^SJ- 4* ft!E^ f^loH °!c r . 

HB|i, #7| ?WlM(79)(H|fe CH0| Er5!(dummy target, 71a)£ ^fe h E|o| ?M SSCHI C[ r B r DjD| EPi'(71a)£ S^ 
(60)3. y^SI - 4 s sjoH ojch 

£4 L(|X| £ 6CH1 UErtH "Jof X^&x[fe 1 7H S| £St4i(60)OiM 1 7H 0|#S| Hfet((H|* SE. >i|0|m £j^(40)§ § 
^fr7| fltf g^ef a' S^ h 2K >l|0|M. S^^(41)4, #E*I sS9t(42)2r, £^1 3^(43, 44)4, 4:^ £R(46)§ 
SS§r7| m S^St SI SBW, £ElieJ £R(48)£ ££t r 7| flS e^Sl" 5=' 5^4, H||A|W|0|£!Sf(49))S S 

BtST 4- &x|o|cK 

s -as|^(60)0W CVD^S|(7H|0|e *jojgh . Hh E *)| £§g|. H||A|m|0|4dq-(49)S| gSf)4 ^*HeH £M(£si S«? 
Bt- 7-IIOlE *j=L§ S^f r 7| fl£r S^S|-^ gBf. £RS SS§r7| flfh S^2 r g°f- cg]|oj 

7[ fl£r 3^s|i4 §s|o| ah^s S&SSSMI m y 4 aa'EK 

0Xi ^0,^(60), eh£4J<61), £j StH(65)fi ^SlSfS^S ^|0|e «JM(62, 68)1 7(l& h tW ^7p(69)0| 

°-\n 7|&(36)§ Xfl2 ^^(72)0^| 0| ^E||(H|XH 7H|0|e «JM(62)S &iS£0 0|^o| g^(H| ^t r 0^ 7| 

&(36) ^ofl ^|o|e s^(40) SSI ar^tS ^*r 

(1- 1) 7H|0|E ^H^§ g^Bf o| ^B|gg 

^Bt^j(60)S Ar 7[± M^|7|S Sri, Xi|1 &^(70)0]\ E|&, ^B|M@!. Hi, ^H" 0^ «msj 

S. 0|^0H3 EpJ(71)S S^Sri, ^12 £R(72)0fe 7[&(36)# 5,^S r 0^ Xl[1 i#Srl{75)CH|Ai X^1 ^(70) 

0\\ ¥ 13.6Hfe i¥Hr» S3S r D|, EL ^#SSl(78)0i|AH ¥§r^¥l» - 200VS S r 0^ ^EHEjUS 

^A|tr0^ £ 7aCH| LfE r yj b r ^ 7|&(36)^cH| 0J- 50nm SE£| S^q(40e)S «^tfCr. 

ZIBU, gdf^(40e)S| afiofe 3^e|{40e)# ^*r£ ^^^2} ^^4(60) UlfiJ £^^4i7 r S«K>=| tr 

SrS0| S^£|0-| ?Jfe S^7 r ? A '7| nflgOl 0| S^Ofe 0| ^»S* #E r ZDh CH|*J^| £|SH Xi|7Hf r b 5J0| U r ^ 

SjSr-Cr. 0^7|AHo| f^ £D f oi|*'^ ^s|^( 6 0)# Ar 7h^ «r0^ XH| 1 S^(70)CHi I=H □ j EF5|(71a)# &^oU 

, X|2 ^^(72)0fe ^^Q|(40e)§ *B| 7|^(36)# &*r*F0i Xl|1 J31ft5J«!(75)OflAi Xi|1 ^^(70)0| 

1 S3«r0^ ¥*rSfl# *£S(floating)S r 04 #EhSDh# M^^A|7|b gA|0fl Xl|2 S^(72)(H| i^H r SS*f 

0} 7|£r(36)0i| 200W Ji#S^£ 2¥ S£ Cj7 r »SSM| Ol^O^Cf. 

(1-2) 7H|0|e xn^g goj-oj 2 ^n r 0^7| ^Q|5S 

^Bt^j(60)# Ul^SI- ^^|7|SAH Ar 7 r ^ ¥^7|S S r H, X||1 £R(70)(H| §o S 0|^0-|^ E^i(71)S ^^fU, *fl|2 
S^(72)0fc 7|&(36)§ 5fS|-S r 0^ 5iWS^(78)S S^A|?=I ^WS^IS E|-5!(71)(H| ?j7fffe gA|0fl Afl2 
Sfl(80)S S^A|7^AH HL^S^S E| 7|£l-(36)0i| ej7 r €rfe 2^lF 0=|7| ^^E^^0l| £j§H ^HHeH ^B|§ ^A| 
SIjI. E 7bcH| L r E r tH.H r 2r ^0| 7lSr(36)tH| S^^(40e) ^ 150nm %^(40c)w 

0| 5S«H|Aife 7|lEr(36)<H| £j7 r Srtr HI^S^^ 0.1 Lflx| 5W/cnf §£0|C r . 0|^7-|| S r "S gaT(40c)S ^^Srfe Cu S 
SSI SJXh ^X»(^®)S Sf7)| & ^ ?i£££ Cu SSSl ^'Af S7=I|(SW)7^ 3^0^ ^7| g^°,(40e) SSJ SJi7^ 

go|(40c) gcHj ESJjElcH, o| ££J^i *|^°| ard-o| ^^^cK 
(1-3) 7-!|o|M g^ef □! §at nHEiygS 

SBf(40c) ie«H| aix|^E§ Ei ^o^ nHId in^sU, o^icHI o\t\\ %°\{40c)% S^^ (4 0e)°| SSfiff ¥¥S xl 
7m e)|X|^E§ HfElSrfe AHE^S ^SSrH, £ 7c0fl L r E r L-H H r £|- ^0| SJfrfe 4d«rS| §§(§Hr|-£H)(40a)2|- 
^^Q[(40e)°| S^trCK 
(1-4) 7|B(iH|o|^)oj x-m o^U5S 

€^(403)4 S^af(40e)Sj ^S^o| 'SSS 7|fir(36)S Ar7 r ^ ^fl7|0flAH 0-lfejU ^E|f r JL, ^7| gS(40a)(H| E 
oiEl ^^oh (40e) o| e^Sl^S ^ f 7| §S(40a)°| £g«H| Sf^A|7U, £E 7d<H| L r E r y H r 2f ^0] ^7| SS(40a)°| 
^fltHl sm, SE|M@!, 3fi, iMI- 3^ n|a[(40b)o| 7-||o|e £q(40)fi SJfecK o^7|Aj ^S€l 

E|^(40b)o| ^V\\^ 5nm U|x| 20nm S£0|cf. 
0^7|Ajo) oHyU *HEl 40 o°C SEuM 2A|?i S£0|CF. 

o-ig^Aisj ¥?i7|oj| ±y±m i, h ^A|?|x| $2. MMt[<^ ^*jx r si sr^ y|*o| o&a %ei i|Bf(40b)* 

$ SiH, Etr Ah 7 | oHy§A|oJ ¥^7l°I ^4:¥& h S S*r §7 r A|go^ E|^(40b) §fij ^SjX r IT^UlSg £*r 
§7^A|S ^ ? A 'CK 

CCt-Bl-AH, 7|Er(36) &0]\ E|£ho^ o|¥0^ ^^^(40e)S & 4 S^ S^Ofe E||} ###3. 0|¥oHxfe 3I|°t 

(40b) 0| S^£|i, fiC r ?j|?lo^ E |Eh §Jx r ^cH| cHsh tt± ^xK°l U|7 r 1 0| 0 U|x| 1 clj 221 s|aT(40 
b)0| S^£|CH, MBlMtLioS 0|¥tHxfe g^^(40e)# gBlM@! EErr ^B|MQ ^S r §S O|¥0^X| 

fe E|Bf(40b)0| ^S£U, MC r ^t:^o^ #B|M@! m\^0]\ cm #± SXr^Sl H|7r 1 Pj 0 UJX| 1 CH 32J 5^ 
S| JL|e[(40b)0| f^ElOi 3§£5 0|¥0-|X|fe g^a,H(40e)ft S^*r 7 <39^= 3S 3§ 0\^0-\X\^ 



H|S|(40b)0| «^E|H, Ma ^xfl^o^ 35 SX^Ofl Lm t*± SW^Sl ti\7\ 1 0| 0 U|X| 1 CH 2£J S^S] I|Bf 
(40b) 0| S^Elttj, &lfS 0|^0^fe g^^( 4 0e)S 3¥rr ^rr tfSfES 0|^0-|X|fe Jl|°f(40b) 

0| MCf ^Ail^o^^ Eh|f f^x^Oil cHEh tf± £|X^o| u| 7 ^ -| q o Lflxl 1 CH 2.5£J £^S| H^(40b)O| 

2th E|Eho^ o|^0^|fe ^U}(40e)o| ¥^)|lK 0-iysi 400°C U|X| 1200°C gfl, o' A|?ifi 30M?J UH 

x| 1A|7J SfloUH gg?fo£AM £ 20H| L^y BhfiF #0| §g(40a)S| g^fl E|^^(40f)Jlf 0| E|@-Bf(40f) 

s| £E<H| E |e ^jx^cHI cH& tf± £jx^o| ti \y[ 1 q| 1 1 cH 2£j ^ S°J e|& #S^£ o|f- 
O^Xfe a[(40g)S ^^Ai ?^Efe E|^(40b)0|LK £ 30HI U^y Hh£f £0| g§(40a) ^flfil U¥<H| S^S E|&S| 
(40h)4 §§(40a)S| Ch^Ofl E|Eh ^X^(H| CH£h {+4: bf(7h 1 CH 1 U|X| 1 CH 2°J S^S| Bt §o| E| 

& tfS^S O|^0^|fe ^(40i)« ?^JlAi ^S\£ I|Bt(40b)e S^S t &!cK 
(1-5) 7i|0|e a^^(Sfi|- fl±^)(41)°1 CVD £S|-3S 

^41(60)1 SiH 4 + NH 3 + N 2 S2f7FA £*|7|3. sfJI, X| 1 ER(70)Ofl EjD| E|-2!(71a)S &*m<M, JE# 
S4l(75)(H|Ai ER(70)tH| 200WS] H^fi 32*HN, ¥§ft^lfi SSU «Fo=| iBfsoU ^^A|?i 1 

Si 7|B(36) #0fl £|^A|7fe CVD gsfS 4jA|^0^ £ 8a<H| L|-E|-y S"0| 7\\0\M £gB|-(41)« Sgtt 

CK o| CVD £j^S| 3¥b xlH *R(70)cH| SSfH CHD[ Ef5!(7la)« SSSfe ¥4^5 *d 

St^, A1|1 ER(70)<H| Pj7lE|b Oj£ CHMX|# * h 7fl Sffe §A|0fl Xl|2 £R(72)(HI £Rg g^f^ 7]&(36) 

(1-6) ^£*H s5Sfta-SiS)(42)S| CVD gsfgS 

^at4'(60)S SiH 4 + H 2 *&7^ efl7|S tU, All 1 ER(70)<H| CH □ I EpJ.'(71a)# XiH HL#£j£J(75) 

CHIAH 35||1 ^^(70)0^| 200^°| JL^titm S3*^, £ Xfl2 HL^2^(80) oS.¥E^ Xi|2 S^(72)<H| 2?^S a -1 

•8 7|&(36)Ol| o|S o^Mx|l ^|o-|^o^ a- Sig°l gstS ^A|*F0i Bh£*| fegBK42)S S 

(1-7) £ai S^s|(a-Si : n + S)(43a) ^njEj ^af§S 

^^^(60)1- Ar7^ g^)7|S §m A1[1 2^(70)OI| a- Si : n+ S ^^§S| P £S Si^ 0|^o-|K|fc ^5!(71)# 
SU, AiH JjL#SS(75)(H|AH S^(70)(H| 13.6Mte SESj ji^e^ ggSFDl, £ 5i#£iS(78)CH|Ai S^El 

b ¥^t^l -200V^ t[oi ^^e^us ^S^o^ feg°|(42) #ofl S^^(43a)S ^-at^cf. 
(1-8) ^*Q|o| nHEiysS 

ocn g^a,H(43a)2.| ^|X|^es c it ^i ^?> h A|7|Jl, (H|*j0i| o|sH ^PH^ Sj|X| 

All BtEWfc EHE^S ^^SFOH £ 8a(H| U^y tfO| 7H|o|M 3^(40)acF£ ^ §^(island- shape) 
21 sSa, h (42)4 S^S|-(43a)# ^bcK s§s|(42)4 S^ 1 mat(43a)°| *|0|M S 

^(40) 4, h S| 7]|0|e S£St(41)<H|/H 7i|0|E 2^(40)4 cH«f«Ffe fl*|o|c*. 
(1-9) ^ a=' =eiiei ERS S^etfiJ ^a[5S 

£ 8aCHI U^y uhs.h ^o| S^a, h (43a) °J^&, ij a ohEH^I sSS|(42)°l gf^S^ olSoHi oh^ 

7-||0|e ^oHa|(41)o| °J¥c§ S*0| S| 50nm S£S| S^f^(46e)S 7H|0|e. ^H^g 

fij ^SfSSSl- SSJSF^I &EK ZLElJL 3^St(46e)°| l^oife 5^ ^§0| ^^i|0-| go 7 ^ o^ioa^ 
o| S^ofc o| 3^ ^SfSS ^AH 3^9|-(40e)S- SEFsaF cHlsefe ^ h S4 SSJe^l *VW£ 5io| HHf5j 

(1-10) ^ S: 1 HEIIti €^s| 2^21 o^7| ^nHEH ^ D 4§S 

E 8a0fl Ej-yj d^£f ?Jo\ g^^(46e) ^(H| ^ h 150nm S£S| §^(46c)S 7i|0|M §o|o| 2 ^E^ 

0^7| ^nHEH £SfgS3f S^fl^l fe^&EK 0|^7i| SFS #7| =^Bf(46e) gfil S4:7|- §3H(46c) §0]| EgJSCh. 
(1-11) ^ ^ ca|o| ^§ ^^nh gy go^, 5§W SA^Sl E H E Ho'oS 

y£*S feS^(42)Sj §^¥¥°l o^cHI S|SH Xfl7^i, feS^(42)S| §2> h ¥M ^ h S| fiOj 3^51(43 

a), ^Bf(46e), S^(46c)S X^H&o^Mi £ 8b0fl L(-E(-y g>£x| fegBf(42)S| gfg- ¥^ AHS 

¥H ^OHS S°| S^^(43, 44)4, ±± ^(46) g^Bf(46e)' SS(46a)4, ^^(48) S 

-SS 3^a|(46e)4 §S(48a)t S^ST ^ SI^K 
(1-12) 7[&o| Xl|2 o-iygg^ 

4:^ ER(46) g^9t(46e) SJ 5S(46a)4, £E||e! ^^(48) =^Bf(46e)4 SS(48a)0| 7|S 

(36)# ^AH 7I&S) ^|1 0^isi§S4 S^e^l ^El^oi ^7| SS(46a, 48a) g<H| ^^«( 4 

6e)S| S^^^S ^7| ^S(46a, 48a) £| i^0^| ^A|H £E 8c<H| U^y ^0| ^7| §S(46a, 48a)£| ^^|CH! 
E|e, ^E|My, H§, EhlT #^|AH 3^ S|^(46b, 48b)0| ^^t! 4:^ £R(46)4 ^Bliei ^^(48)8 

^ ?JM. 0^7|A^ f^^S I|5|(46b, 48b)S 7H|0|M S^(40)fi| a|Sf(40b)4 S^'s^l fe^S" HISS ^71 *^SJ0-| 

EE?}, 7H|0|M £l^(40)S| I|^(40b)# ^^^fe §SJ©f7j| g^B|-(46e)£| ¥^|L^ £7j§ ^gtr°SMi 

¥^io-ll 'SafJ E|Eha|^ ol E|e^°J i^oil e|eh tJx^oil cH& i^^2] am 1 cH 1 lHx| 1 cH 

2£j B|" SSI E|£F thS^S 0|^O^X|b ?^£lb K|^(46b, 48b)Ll S$ ^^|S| ^¥0| S^^j 

E|^nh^ ^ojo| x^f^l E|& ^X^0^| C||£ ^J^o| y| 7 ^ -, p| 1 L HX| 1 CH 22J i^S| e| §S| 

E||h Ahf^£ 0|^0Hx|fe. B|(40i)fi ^ZLAH I|Qt(46b, 48b)§ S^tf ^ SJc|-. 

(1-13) nHA|m|0|Aja|(49)o| CVD ^ D 4§S 



Bh£*l £§4(42), ^ £R(46)4 c£||o| £R(48)# S^oj S§[fl±^ Ol^O^fe nHA|tfflO|4d4(49)S 7|0|M. 

B<^4(41)4 CVD 3^1334 44 Bmn 34EW. 

(1- 14) §[4: £R 3333 

o|oUH, nHA|m|o|^°|(49)fi i!4S EEb £i*l£tf* £4S§ SS*HH <HI34o=| ^#(50)# 33ft nHA|m|o|^H 

4(49) £M ITOSS 334±L, nHNySTSS/JH 4± Ei4(35)§ 334C*I £ 1(H| 44y 44 ^0| 54»(50) 43 
S! LH u -ie, n||A|m|0|d^(49) #001 S4 a^£*)l¥(51)S 334^, 0| S^E*ll¥(51)S 5*f<*l cgj|£j *R(48) 
4 5^ 34-(35)S S4tf0 £ 14 44 EStjxl^Ej 7|S(31)0| goigcK 

ZL5IH, 7|5h(36)S^A-| JtSO| SiN x 4(36a)0| ^££l A^Sfc g^fe 7|S(36) #Ofl g^4(40e)# 334 

7| Sofl THlolM. 3^4(41)°! CVD 34334 ^ass SiN x 4S 34§H E4 

ziBlJi, ±± ti\\m\ PlsHAfe £EG<H| 7i7cH£|oH ?J4 at* I ft 7t|o|E 3^4(41) &<H| ^ 3^(46)§ 334fe 3^ 

4 34A14 o^uai a 1 <hi«ai«hi §a[chi a m 

H|-£h S>0| 44 esHxI^eI 7|#(31)£| *i|£<H| o|§^_ xh 7 | ^5|o| 7|&(36) &<H| 24^4 <M7| ^4 

N^ofl °|*H §4§ 334rr 34334, o| §4s| sHEHygS4, &7| 7|&s| o-iygggofl s|sH 4£o|4 tf^cHj 

ens- lh 443s tr^Ais 4= aa, 40^ <his*jim- ehi*^ b^oh §o| ch4ch lh¥43* vum $ 9i°o\, 
timmts\ m&s tf&Aifj 4 am, ee ejs44£i 4oi<hiahsi 44f- ^ afe 401m 24(40), 

±^ £R(46), SL" £=Efl°] £j^(48)S 7|&(36) #<H| §0|SM| 33» 4 &!°HS Al|^330| ^&«Hx|X| ?>^4. 
EES. £ ^g£| 44 JeL^4^&1 7|& 4£4^8 ^§5§££ 7|&(36) #<H| 44 STS ^3S £fe 7H|0|M 

S^(40), ±± S4(46), SJ =ai2J S^(48)S 331T 4= ?i£HS 600°C 0|4f £| 7 ^ofl 4= Kfe #B| 7|& S 

5 WlolA^AH afsst Spoilt 4^ ?a'cK 

^BlU, ^Al§E(Jo| ^oh E|Hx|AE^ 7I&SJ X^gfSlOiM £ 40|| U^t.H #B^SO^ &*|# 

fe *hbi^j uioiiAH ?m mgz\ s^tHi ch^ch -yg^?3°Li- ^7i s^sts s^si 

<n\2 4'aiseh> 

E9n ^ 9jS£A|S*|2j 4|A|SeHSJ £¥f UE^y 5£ Si X |2 -feJA|§EH°| 9|SiA|5^*l(30a)7^ £ 1 

Oil L^y ^A|SEH£| «|SaA|S*l(30)2J- *TO|£h ^ef eeh X |AEH 7|&°S £ 9«HI £A|*[ 
S| ti\m H0\^ HfB} MfHxI^EH 7|^(31 a)0| ?H|£|b ^0|CK 

0| a|B| E^H7:|^E^ 7|&(31a)0| £ 1 (HI U^y HfOf ehKx|^EH 7|&(31)4 ^> h 0|th 7H|0|e ^=(40) 7|& 
(36) **SJ H(H| TiN§(45a)0| ^^£|JL, ^ S^(46) £^ S^^ h (43) AS| gofl TiNg(47a)0| ca|o| 
S^(48) £SJ S^^(44) *o| ojcHI TiNS(47b)0| S^£|b 50|nK 0^7|AHo| 2^(46)8 TiNS(47a)S Bffr 
Oi 2.^ S^S|(43)4 feS^ h (42)0^ S7|^o^. a^£|0^ ajcl-. ceiieJ £!^(48)£ TiNS(47b)§ S§Fo^ £ 

°! a^Q[(44)4 y£*fl fegB[(42)0l| £|7|^o S *h^£|(H SJdK 

^12 ^AI^EHSI EEHx|^Ei 7|&(31a)(H|AHfe ^7|£F ^0| ?#%5.SJ*\ 4JA|«E||S| ^Bf e HH t:|^EH(31 ) 
2f ^2[7f ? A tK £E£F, Xfe ^AI^EHSI 5& ^^(40, 46, 48)4 71^(36) AhO|0| TiNg(45a, 47a, 47b) 

7f IS'feiS.IOH ?JO£5 Z| O^H^S) oiS^e.! 7|&(36)0|I4 7^|0|e ^ojBV(41) §o^¥E^ *l±4 ^^^0^ 9[5l 
TiN§(45a, 47a, 47b)<H| S|S|| S^(40, 46, 48)0Hjo| ^ ^ 0 | 7v|§H£N 7|&(36)0|L|- eja^OflAHSl S4i ^^0^1 
7|°JSfe UH-tl^SSl ^^IA2F7|- ^OHLKh. EES TiNS(45a, 47a, 47b) (H| £|§H S^(40, 46, 48)4 SJSfgOl § 

0| ^4 Eyx|^E^ 71^(31 a)££ S. 4 U|X| £E 6(HI 44y ^4 ^|^x|« A^SFo^ ^iffl 4 s Sid. 
o|4oi 7ci|2 ^a|SeH4 4^ mlhsI^eI 7|&(31 a)4 ^|i^S<H| PI*|-o=| # mn ^@^4. 
(2- 1) 7i|o|m S^S T i n 44 £433 

£441(60)* NS ^^4t 7^ ^^|7|^ Afll S^(70)<H| E|Eho a. 0|^0-|X|£r 4^(71)1 &44i, X||2 £ 

4(72)<H| #B| 7|&(36)# 5^440^ ^|1 iil^S*l(75)(H|Ai ^|1 S4(70)<H| ^44= 13.6Mfe 3£4 H^4« 5S*HL 
, EE 4#SfJ(78)oflAH 3S£fe ¥4S4# -200V^ 4o=| A^E^ig 4% H 4o^ £E 10a<H| 44y u[9\ 7 jo\ 7|^(3 
6) &0]\ 4 50nm 3H4 TiN4(45)# S£&CK 0i7|Ai°| N0H| *^4fe 4^ ^?|7|^b N 2 , N 2 O, NO 2 
SS| 7^4 Ar7^s| *S-7|->^7h 4§^!4. 
(2-2) 7flo|m S^g ^4^4 3433 

344J(60)« Ng #^4b 7^ M^7|0i|AH Ar7h^ g^7|S. a JS4i, ^1 S^(70)0fl &44fe 4^l(71)S E|e, 

g£|My, goflAH ^4^) o-|£ 444 g^££ o|¥o^|fe ^34oi ^7| (1- 1) ?flo|m 

g^o| ^4§S4 gyff a h S° ^ £ lObofl 44y u[2\ &o| 7ie-(36)ofl S3^! TiN4(45) fe'-cHj 4 50nm 3 

(2- 3) 4|o|m. S^S S44 24^4 o^7| ^n-\E\ £433 

4T7| (1- 2)4 24^4 o^7| 34334 £E lObofl 44y u|-s^ g^4(40e) ^<H| 4 ¥7)1 

150nm 3£4 §4(40c)§ S34o=|, TiN4(45), 3^^(40e), §4(40c)°S O|^0H7;|fe 4g4(57)# S3&4 
. 0|S 43 #7| 3^^ h (40e) gS| t!^7F #4(40c) g(H| £°J€!4. 
(2-4) THIofm x^^g TiN 4, 3^4, SJ §44 Me)33 

4J-7I (1- 3)4 sUE-|y334 4S4(57)o^ mjEjy^ 4!A|4o=l £ 10c(HJ 44y Sfo| -&4b ^ 

^{<g«)fij TiNg(45a), 3^B, h (40e), ^ gS(40a)°S Ol^o^fe 4S4# S3tW. 

(2-5) 7i&(mioi^)o| xih o-iyugs 



TiN§(45a), 3^&f(40e), SJ §§(40a)°| 5jgafO| ggS 7l&(36)g #7| (1-4)£| Xfll cHyU§S4 5SJSMI <H 
yU *|E|SU, #7| £§(40a) §o-|| £°J£| g^^(40e)°| g^f^M #7| gg(40a)°I £d<H| SftfAlH E 10d<H| 
LMy #7| §S(40a) ^l<HI e|&, SSIMH, as, Ehfe h §<H|/H 3L|Bt(40b)o| S-aS TflOlS. 

£ig(40)« gfecK 

nSful, #7| TiNg(45a)S 7^0|M £jg(40)4 7|&(36) A|-0|0| 7HxH£! *H£ 
(2-6) 7flO|M S^at(SSJ- fl^B[)(41)°l CVD g^SS 

^7|(1-5)2.| 7|| 0|e ^ojD|o| cvd ^Sjgw^ S^^^l §s| Tf^S 7|&(36) £j*4A|7|-b CVD 
^mW, E HaOfl U^y Hf-£F 7i|0|E g°H°i(41)§ S^&CK 
(2-7) Eh£*l| ^§e|(a- Si#)(42)°l CVD £jeJS§ 

#7\ (1-6)S| EhE*ll feS^sl cvd gst§34 e^shXI «f<H *|o|m S°j°f(4i) &<H| a-Si§°l gstS 4*S*I-<H 

i^E^I sS^ h (42)S S^&CK 

(2- 8) £QJ ms[(a- Si : n + S)(43a)°| ^uHEl ^Sjgg 

#71 (1-7)S| E^l a^BfSl ^^E-j g£JSM| «F(H ^E*1| ^§^(42) tfofl oq g^^(43a)« S^EW. 

» (2- 9) ^E^l sS5|4 E^ 1 g^°|o| ic(|E-|y-g-S 

#7| (1-8)°| aHEiyg^^ SiJSMI ^E^l ^§°t(42)4 £ D -j 2^(43a)(H| iq|E|g£ ^A|SF0i, £ HaOfl 
LfEfy 0^ >)|0|m £Hg(40)£E|E *|£ £j §#£| fe gDh (42 )iIf £&j S^Sj( 4 3a)§ gfeCl. 

(2- 10) ^ £g si naiej er# TiNsrsi 

^o|ai (60) s ah 7 | (2 . -|)0| S?J«F7|| Ng Sf^fer 7\± g?|7|£. fU, AIM ER(70)Ofl E|e°£ oi^ona- 

Epi'(71)S **2 ^q(72)0fc #B| 7|&(36)S &«t^0i HW2£j(75)0M AIM £R(70)<H| ^Ef^ 13 

.6m SE°i 2?IH gS*Hl. EE 5m2£J(78)CH|Ai g^Efe ¥^2£ll - 200VS t\oi ^E^fi £ 
11a«H l^lh a-o| E?°i *H^(43a)°| gf^B, it 1 H o^Hfil tfE*fl £§^(42) g?^E4 0|5<H| S^§|- 
7-tiO! M SeBt(41)S| iJ¥fi §50| 50nm S£°l TiNBt(47)S S^EK 

(2-11) 2^ sj ca|oj =^af s| gsfgs 

E 11aCH| U^y uFfil- a-o| TiN^(47) #cH| ^ 50nm g^e|(46e)# 7^o|e xj^g g^et^ ^ 

(2- 12) ±A saiej 2^n* oi7\ ±v\e\ ^sf§S 

£ 11a<H| L^^y tiW =tffa|-(46e) #<H| s| i50nm SE2| S0t(46c)« 7H|0|e. xH^§ gs|o| 2 ^ 

o^7| AKHEH j2fS3|- gSJspHI ^oi TiNSt(47), g^^(46e), S! §e[(46c)°^ 0|-^oH7:|fe 

(58)* ^feCK 0|£h SfO| #7| g^^(46e) §fi| rl4l7^ S5|( 4 6c) §CH| £?JSfl. 
(2-13) ±A 3i S^S TiNS|4 SI £st4, fegetaif S^etSl nH^telSS 
^H^i fegn|(42)o| CHINCH] o|sH ^7H©m, y-£*fl ^^(42)2] g^¥¥ £aj S^s|(43 

a), TiN^(47), g^SH(46e), ^ S^(46c)g «|7H^° SAM, £E 11b0fl UE|y Hffif ^0| sS^(42)°l gf&¥ 

g 4f0fl #2. ¥H fflOiS £SJ a^S[(43, 44)2f, ^^(46) S^g TiNg(47a)4 g^9|(46e), ^ SS( 

46a)4 ce||£] ^j=(48) TiNS(47b)4, 3^^(46e)J* S$(48a)S t ?,'Ef. 

(2-14) 7|#oJ n\2 o^UgS 

5j^(46) ^-ag TiNS(47a), g^°[( 4 6e) S3 SS(46a)4 cE||£J S^(48) l^^S Tin(47b), g^sf(46e), SJ 
§S(48a)0| S^fj 7|£f(36)S ^SS 7|&2| A||1 O-jyUgS^f §ytW| Sf(H 0^yU ^ElSFoi, #7| SS(46 
a, 48a) gofl £E?J^I S^^(46e)°l #7|.SS(46a. 48a)£| id (HI ^^A|^, E 11c<H| U^y 

gg(46a, 48a)S| ^ fl(H| E|&, 1E|M@!, Hi, Blf §0flAH >dqS 3^ 2|^(46b, 48b)0| ^^(46)4 
saiCJ ER(48)# ^ ?JEK 
(2-15) nHA|m|0|AHS|(49)Sj CVD ^BfSS 

^E*l feS^ h (42), £A£j^(46), S: 1 SBIieJ S^(48)# SftO| SSI- ^±2. O|^0Hx|fe E||A|U-||0|AjQt(49)g >l|0|m 

S^aj(4i)°! cvD.^sf3S3l- 7HSJ §°JtMI Sfo^ 
(2-16) SF^S^ l^^gS 

T^l^^oi nHA|tH|okdQ|-(49)S Et TJ^S^f ^<MS°I ^§cHI WQtfoi 5^!*(50)# ^^ff n||A| 

mio|d^(49) #°i| ITOS# S^tm EHEHyffo^M-j S^(35)s S^^o^ E. 9CH| UE^y ti\9\ Qo\ gaj^(50 
)°l S' UI^B, nHA|m|o|Ajst(40) #0tHI S*l 3^E^I¥(51)» S^^ji, o| S^E*II¥(51)# S^o=| =aiej 
^^(48)4 Sf4i ^^(35)S S^t^ E 92h S^t!" ^ eeh X |^eH 7|B(31a)« ^ &|Eh 

UI-2F eyAl^EH 7|& «|iSf a^l °l^e, E 9cH| ^E^y ^^o| ^aj. Ey7:|^E^ 7|&( 

31a)S ^ ? A 'EK 

E, 0^7|A4o| eeshxI^eH ^s^aoflAH, S^^(40e, 46e)°| S3«F7HU 7|S(36)# 0^yl! ^E|^ ON 

0^yl > l gE» 500°C O|#o£ g^nj 7|£(36)3|- A SS AhO|2j 3^^(40e, 46e)M ^-^ffe E|& 5S| 
7MS| §S(40a, 46a, 48a) °J i^cHl «T^A|S ^ cH« E 12«>fl LhEfy uh2f SfO| §S(40a, 46a, 4 

8a)fil idoil e|0- fjA^cHl cH*h tt± fJA^oj uph 1 cH 0 U|a| 1 CH 2£! £££l n|^(40b)S ^ h fc 5j3|- ^€ fl|o| 
M ^^(40)Om E 130fl L|-E^y HfS|- ^o| gg(40a)°l i^cHI <g^£ E|EhB|(40m)^ 0| E|^5t( 4 0m)°l i0ofl § 
E|Eh ^A^0| Pie tf± ^A|-^SJ U|7h 1 Cfl 1 U|X| 1 EH 2£J 3t(40n)w ^fe 54 7flO|m £1^(40 

)# 4^ &CK as ^ S^(46)0|u|- ^E||o! ^^(48)0^1 c||fHA4E SS2| i0o|| E|e m\^o\\ cm #± 
^sj u]7h 1 cH 0 LHx| 1 en 2£! i^£l iietS -Sffc 54 5io|U ggo| = gcH| Ej^°|n|- o| e|ei-dho) 
idofl e|& fJx^cH] p|£h £}± rjx^o| H|7h 1 EH 1 i_H7c| 1 cH 2£i £g°| b[« 54 i h e 5i 



0|^7-)| t[oi °lom £R(40, 46, 48)& SS(40a, 46a, 48a)°J 3JSA<H| E|<2j(40b, 46b, 48b)0| l^£jcH 2ix| Sfx| 
y £j^(40, 46, 48)4 7)^(36) A^|CH| TiNS(45a, 47a, 47b)0| §^£|0H °!7| nflgtHI Zf £=o| S^2j SJ^^ej 
7|S(36)0|U 7i|0|j= S£!a|-(41) §£S^Ej ?^7F *ftf£l<H 4E TiN§(45a, 47a, 47b)0fl °|§H £R(40, 46, 48) 

oji°i m m+o\ Mnz.\o] 7i&(36)ow ejssf °^¥&i°i ^ «u+<hi 7i£Wfc tnKd*msi ass swsfc s.4 

7f ¥|oHi_Kzh. 

<*|3 ^A|SEH> 

C^Ofl, g ^ M^HXliEj 7]£h°| Xi|3 ^ApgEJl p|aM £ 145 M^ZW tiS&CK 

*l|3 HtBf EE=H*|^Ej 7|0-(31b)€ 5 7l|0|M^(top-gate type) TFT# ?B[& 3JO|jl, £ 14«H| U^yj 

o| ojjl #E|g°| ¥S7|&(102) #<H| cFSS 4Je|^o S ol^-oHxfe y£*IIS(l03)O| ^Eji, ZL § 
§f¥ #«HI SiN x §o£ o|^-oH7;|fe 7flo|e |d°j°t(104)o| S-atlol HO\E. S<24(104) #<H| TiN S(101a)£ * 
^0=| 7^0|e ^=(105)0| ^^i|0H Sic*. 0| 7i|0|E *H^(105)£ §§(105a)°| iS«H| ^|2 4|a|SeH°| i|4(40b)4 
SUS o|¥o-|x|-b E|s|(l05b)S §>ZLA4 ?g«Efe 5!o|cK zibIjI, ^|o|m £R(105)8 £A|§fx| &£■ 7i|o|m 
HH-td4 SJ*llS ^^.EloH °M. 

yE*IIS(103)Oflfe 10 16 atm /cm 3 0 |^o| ^ feH^. P + , As + §°| n § g£go| £SJ€! n - 0|¥<H 
Xfe ^ ^(107) 5! HEII2J ^^(108)0| StiiElal, 0|* i^^(107), i=ai£J ?^(108)0i] 77|*|5! S^0| 
¥(109)7F SJOH oicK EES 0|g iA 35^(107). H5l|£! S^(108)S n - BJ-£fllS8 *|0|m ^4(104) 

SES- 4:^ <^(107) S! ^ai£J £^(108) Sdoflfe g^f? ^£|4o|^(tungsten silicide), SE|J=L0! fe ! £lAFO|£(mo 
lybdenum silicide) §£| iJE|40|l= 4(1 10)0| 4*1 Sg£l<H t^°| 4JE|AF0|S.4(1 10) &o| TiN£(125a)« 
SSHH ±* HH4d(111)4±^ ER(112)0| f^^£|ZL, ^ 4JHWO|cBt( 110 ) #0flTiN3(125b)S SfN E.B|| 
C! 33(113)01 3gE|(H °M. oft ±± bH4d(Hl), ±^ ^^(112)S §S(l12a)°l JLB<H| xfl2 4'Ai§EH°l i|sj-(4 
6b)4 XHSS. 0|¥0^|fe E|^(112b)S ^HA-j ^0|CK c a|Oj ^^(H3)S §S(113a)°! i^ofl 

^|2 ^JA|SE}|oj m°H ( 48b)4 §SJ# AHSS Ol^O-IXfe 2|^(11 3b)# 5>HAH %0\C\. 
nElJi, SBS §*o| nHA|m|0|4jar(ll4)0| o| iHA|W|o|ti.s|-(ii4)S #*^o^ neil^ S^(113)cH| o|e 

^§14(115)01 £££|oi o| ^q*(H5)g SSho^ naieJ S^(113)4 S^fJ ITO^ offoixlfe £R(116) 
o| S^EloH aicf. 

5E& £A|# tiJ5f^x|Eh ?4|ojs HH^d &¥(«S8)SJ Ho\E. BA¥ U ^ B¥s| ^ E^A^¥o^|A^, ^7| 
(115)4 %m\n Hom uHd S=' ±± hHAHH|o|^bkh4)0| 7H?£|o^ ITOS o|¥o^|b ^Hc(pad)7^ 

7i|o|M HH-fid 3i uncoil S^^o^ z|2| f^sw jiia. 

xh|3 4'a|SeHo| h^oh m£Hx|^Ej 7|&(31b)cH|AHfe S^oM HH-JdS ^^^b §§(i05a, 112a, 113a)°| atfoll i| 
st(l05b, 112b, H3b)0| <g&£\oi ?J££S ^¥o|U cHSFo^ lH ^S^s tf#A|S 4= E o^i^m e|| 
X|^e ^E|QH goll CH^O^ LH ¥^^# if^Alfl ^ ° A icK £E*h TllOlM S^(105), ^ HH-£d(1 11) §y 4iA 2^(112 
), SHIS] S^(113)Bf 7|&(102) AhO|0H| Zf4 TiNS(101a, 125a, 125b)0| §^£jO-| flo S s A 2^0|L| UH-{do| 
*^2J £.l£l^e] 7|fiKm|O|^)(l02)U 7^|0|M S?.^ h (104) So^^E^ ^j^7^ n#t\z>\ SFETiNS(101a, 125a, 12 
5b)Ofl o|gn mi ST^OI ^«I|£J(H 7|&(102)O|Lh 7-||0|e ^^^(104) 5°^¥&|o| ST^KHI 7|°l^fe HH4d*1#o| ^ 
6 ^X|a.3f7h flOlLfCF. 5*h TiNS(101a, 125a, 125b)CH| o|S^ 7i|0|M ^^(105), ^ HH-fid(111) S! ±± S^(11 

2), £Eiiej s^(ii3)fii a^^oi If^^cK 

(^A|C^| 1) 

E 4 LH7CI £ 60i| U^LH ^ M\2.%*m Af§SU, ^^^(60)# Ar7^ Mfl7|S. Xi|1 S^(70)<H| E|Eho S 
0|¥0^|fe E^«(71)S Ai|2 S^(72)0i| 1S0| 6^1^1(1 e!*l=1 5.24cm)ej Sg» h S 7|&S S*f*Foi Xfll 

H^S*!(75)CH|AH X|| 1 S^(70)<H| ^44= 13.6MHz S£S| i^4S 53«Fj1, SE ^^S^(78)0^Ai S^£|fe ¥tf£j 
^IS - 200V^ SFoH ^n^US ^rS^o^ 7|& ^(H| QT ^Z?l| 50nm£J ^^ffS^K 
0|<HAH, ^af^(60)* Ar7^ ¥?i7|^. SfO^ ^|1 £!^(70)0H| §25 0|¥0-|Xfe Epi(71)* &s[§m, Xi|2 ^^(72) 
Ofe ^E| 7|&S &*r«F0^ ^#^*J(78)S 4SA|H ^j-^^^S EF2f(71)0fl °l7^fe gA|(H| X^|2 JH#^j^(80)# 
= 4A|?=|Ai JEWS^S ^E| 7|£KH| ej7^fe 2^ o^7| ^E^tHj SjSH ^7| E|B4 ^<H| 4 ¥5|| 150nme.l Cu4 

0^7|Ai£j ^E| 7I5.KH1 EJ7Wfc JE^ti^e 300WOIKCF. 
7=||^^oi, o| cuetsi S^oi| a|x|^Ml tiSho^ HHfdS it^A|7|jL, oi|*JxW| s)sn cu44 e|ifetsj ¥ 

¥^ ^OHi aiXj^Eft ^Elffe DHNfeJ* ^A|fU E|^o|^ Cu *o| Sj§nh S ^^^0+^ 

0|0HAH, 7| ^§40| g^^j 7|&§ S^7^ Mfl7|<H|AH 400°C, 2A|?_h 0^y5l ^E|^0^ HHd# A|S|^S^K 0| 

EE §S & h °l n|4 i0nmO|°jcK ziEli 4'aN| isj HH-td *W(A|£. ^»)# -ASe 7 J4 0.27Q o|i), oHga 

^Sf7F gH°HEK 
(4IAN2) 

ffEl 7|&«HI ^7Fffh ioow^ o|^fe aj-7! 4|A|o| 14 §SM7i| sf<H uH-ids «l4^2s!^. o| 

20H1AH ^oiS oH-id £x^a«H| £|«H ¥^!& S4, §§ ^^|o| Til 3r|ofo| ¥^o|ji, SE 

€S ^^te 8nm0l5JcK EES, ^A|oHj 2£| u^§o| x^^(A|e 34 0.23Q 0|5JeK 

(HM 1) 



#ei ymn °]7\t\^ n^-^ms ows n oisib #71 ymi 14 §sjsmi ^ buss aRei-aa. oi uu^i 1 

o«AH g<H£! hHS =?±m Ex^^ofl °|SH SAF*F 34 §§ ^(Hj TiS tM^Srb i|b|-o| 7iO|Ji, e § 

§ #S| II Bt ¥$lb 4nmO|?jE r , SEff, UlJaofl 1 Sj HtfS XlS{A|S X-|*T)S 34 0.23O OlSJCh. 

#7| 4'A|<H| 1, 2 S! UUOfl 1S¥eH #B| 7|&«H| °j7|-5 r b jiLffS^S H7]| #ofl CChEh CuS tfofl g££lb e|s|- ¥ 

¥7WI s# aw. 

(U|HO|| 2) 

£ 4 U|X| E 6CH1 L|E|y «fS|- X||£&x|S AfgsH, -aq^(60)S Ar7\± ¥£|7|S #0=1, X||1 £R(70)<H| g££ 0| 
¥<Hx|b E^(71)* Ai|2 S^(72)0i| ft E| 7|#£ SWrO=|, 5J#£!*!(78)* 5|"SA|^ *j#S^S E|2)(71 

) (H| °j7 r §rb §A|(H| 7312 H#S&(80)§ S^A^Ai Il^S^S #E| 7|ff«H| £j7|S|b 2^4 <H7| ^^E^0-|| S|sH 
5| ¥7>l| 150nm£J CuSj- S^ISM. 0i7|Aio| ° £ | 7 |£KH| Pj7 r s r b HWS^b 200WO|°M. 

o|o-|ah, o| custsi aeofl eilxi^s-i EiSroi mifjg EiWiJi, o\\mm si&H Cusfsl SUflff ¥£S 

*<H| a|X|Ai=l atEltffc SflE^S *jA|S r O=| CugS SgSKH HHdS AlR£r°J!Eh 0| y]aE0fl 2(H|AH 9^*] 

UH-id X^(A|e x-|fh)° 0.20Q o\°tc[. 
(U|JiL&l| 3) 

*E| 7|&(HI ?j7|f|b JM^Ei^S loows # o|fi|fe #7| HliE&ll 2$ gy&WI mi dHS§ X^S^Cr. 0| ti\HO\\ 

30flAi g<M£! UH^ ^tT(A|e *xh^ ^ Q 18D 0 |o^K 

(ilflol 1) . . 

4IAN 1, 2, dlJEol 1 LHx| 3oi|AH ?d(Ha HH-£js| sf«IU|^«HI cHSFtH £A r si22Cr. oi7|AHs| °^LH£b ^ HHSS 4 
I^J°j£e 0i|*iQH(ammonium persulfate etchant)0M 60&?J ^tU, 0|§§ ^E|°JjoflAH 7^LHoH gji, AIIS, 2 
£A|£ft nfloj o^Qij *ixh oj yfj^H agj ^"EHg £jx|^ *jO|3(AFM, Atomic Force Microscope)«H| S|§H 
S^o^M-l S7r*rSiC|-. a SH r £ 15¥E| £ 17«H| LfEKdSJCr. £ 15fe ^^gfSs CHIS^ ^JA|0fl 1 fij 

fclHtj iESfil S^i^i* U^y Ar5!0|CK £ 16& UrSr^gfSs 0^i°h *j5H ^o| Ai A |oij 2 o| HHd 
ft UE^H ArSOlcK £ 17S 2||^J°J£h tHIS^I ^^i ¥°l U|2 Ofl 1 fi| uH-fid i^s| S^i^'M U^y A^io|cK 
a^, A UHd°l (HISSft oiyU SSJ ^Ajofl io| 132nm/£, OHyij ^A|o^| 1 o| H HdS Of 

3¥^ *^|A|^ ^ O^H SSI UHdjJf 132nm/£, 0^yU S°l 4jA|0fl 2S| UHttB 126nm/e, oiygj ^ 

A|0=|| 2 S| UH^£ ffX|A|y 4 CHyU SSI HH-tdolr S^S 126nm/£, 0-jyU ^S| B|^0^| 1£| 128nm/-g, 

0^yl ) l ^S| U|5L0| 1S| tiWVB 1M almoin, a O^H SS| HHd4 128nm/M, tdlJECHI 2 SJ B^g 127 

nm/*, UlHOfl 3S| tJH^e 128nm/gO|ji, £ 4|A|cH| 14 ^iJ& o^ysig £h ^cH|£ tHISftS g>?^K 
EL 15 LHX| E 17(HJ UEfy 31 CHISS ^S 7 J2rS¥Ej Mgtr?H| o|§H If 4 aife m\ 7 Jo\, 7|&CH| tl7 r 8Jfe in 
#^^#7^ OWeJ Hlmo^l 1 SJ HH-tdOia u^cHI 2, 3S| HHSe 0H|*J«2H0H| £|tr <H|S#0| (HIS 7HA| 5|^¥ 

E^ HI, Eff HIULCHI 1S| H(|AHg 7 ^o| ^njcH| B*f 0H|*JSjOH aiO^ifS £S#0| 7%) CHIS^Ofl o|g H g Hhg 
^ ^ 0|«H C.H orO=l 4'AN 1, 2SJ 5e Sf 1^?i o|^ oflgoi S«W*| Stfe ^A|A|LH§ 7^|j7, 7|£.KH| PJ 
7|frb i#S^O| 200W^I ^A|0^| isj uH-tds| SSj M^te 90%, 7|Er<HI Pj7|f|b iiW^^ol loowei ^A|oi2 

S| HH-idS| 10 Slfg 60%O|JL, 0^|*J°H S#:o| H(]Ajo| i0 #E|j7r ZLE r X| ^£^^1 ^SCH U|iiL0^| 1 o| ^Ofl 

H!-&|-o=| afgj LH ^o| ¥Mth 5# & ^ SJcK ziEln o^7|Aio| M£go|Hh *J*4 ^^sj uH^td ^3^(100%) 

oil cH-&rO=l ofl s oh *J^4 *<H| £S¥£S| &7=HS^SJ H|go|cK 

EtK ^A|CH| 1, 2 S| UH^OijAHb O-iyei S^S| H|X|?fr£ ZLC r 7;| «H§r§rA| stbcF. 

E 18 LH^I E 19o|| ^A|o^| 1 o| HHdSl o-iyg *iE| S*s| u^¥^ft EA^^aofl SA|& a^r* U^ycK E 18 
£ ^A|o1| 1 o| yHSSl oH"e!U *HE| SS| SO| =£n r °J(depth pro file)0|Ji, E 19b 4M|cH| 1 s| U ||SS| o^g *JE| 
*S| So| =^n|?Jo|cK 

E 18 L||x| E 190^ L r E|y a3r^¥E^ (HUH *|E| S£ ^E| 7|&4 Cug A|-O|o| Ti |f^|fo| ^^1, Cu§ #ofe 
Ti7F sfy °|-^sjo4 ojoq), EEh Cu§ S n Jo||b 7HS| Ti7| feT^SjoH syx| as 5§^^ EW. 0^7|AH CuS §CH| T 
\7\ 1T^£.|0H ^S Cu# ^SfST CCH OH] 7|^Ofl iE#S^« ?j7FSr?37| tcHbo|EU ^zfScF. E& oHysi 

x-|E| ^b *E| 7|^3f Cug AFO|o| Ti S,^lTo| O^D *|E| S<H| u|S|o^ ^o-|x|nN, E CuS 10 ^OH| Ti Si OS| 
a!H(peak)7r #ST£|J1, CuS i@s| Ti 07^ o-iyu *4e| Soil ulfro^ Bo|53bS i h 4 s o|&5.¥E^ o^ylj 
*HE|# 4JA|* r fe 5cH| S|tH Ti7 r CuSS) i^Oil & 4= 0 a'eK 

(•yA|o4i 3) 

Elites o|¥o-IS Ef5!(7i)* r:H^|e|oi 3|£^ o|^(HS e^(71)# Afgtte, 4fB| 7|& #(H| h§ d 4§ S^ff 

O|S|0fc Af 7 | ^ A |0fl 14 J§fiJ*r7ll *rO^ HHSft AWr°jEh E& 4|A|<H| 3S| HHS§S| *m(A|E ^ 
4 0.14Q 0\°iC[. 
(4JA|0| 4) 

*E| 7I&0HI o| 7 ^ Sfe je^S^S 100WS tr 0|SN£ ^7| ^A|0^| 34 S^*|7l| S|0^ H\\m ^^^5^4. E^, 41 
A|<H| 4 s| uHS§s| m(MM X^)ft 34 0.14Q 0|2^C|. 

(tdljacHi 4) 

#E| 7|&tH| ?j7|t|b m-^S^M 0WS & OteloHjb ^7| ^|A|0| 34 SSmTll ©1-0=1 HHS# ^SfSrMCf. ZLElH, B| 
jho=|| 4£| HHSsj x^(A[m xm)S AS» 34 0.14Q Ol&Cr. 
(^^<HI 2) 

^A|0fl 3, 4, HlUKHI 40i|AH °d 0 ^| U ^S| Bf«| L|j^O|| q|5f{H ^7| ^S(H| 14 S°Jfr7H| 3£A r fr5iEK a 34S 
E 20 LHX| E 330HI l|E|U|S!c|-. E 20b 41T^ 0 3 tes oflSJ^I ai A | 0 ^| 3 oj yf |S S0S| g^i^S LrE^y 



MBO\Cl £ 21 e 2H> u J 0 JSs 0\m°A ^ x 4 *S| 4S| UHd nojo| g^ZE^S L r E r y AfSO|CK £ 22-b 4 

ST^a-Hs 0HI*»oh *j7H * oj uiJECHI 4SJ uH-Jd £0s| U^LH A^iolcf. 

£E"Ej", ZT HH-td£| CHISSS ^Stl" 24, S2| ^A|oii 3S| HHde 128nm/M, o^U oj ^jA|ofl 3S| UUd£ sf 

2^7JS| °x|A|7j- #1 0-| y 3 BH-td^l- g&'th 128nm/£, O-iyg £jS| £|A|0| 3S| yH^g i3inm/-g, 0-|yU *o| 
iJ^Ofl 3S| WUd£ 1£?J Ol-feTSj frX|A|tf * O-iyU £jo| HH>Hl!f g°J£r 131nm/e, <HytJ £}S| U | a0 ^| 4°! uHd& 
127nm/¥, 0-|yiJ *o| ti \ R ^\ 4 o| H |jAjo 1 a n^OU, ZL o^g SSI S%J£* 127nm/M 

olfcjnK 

£ 20 LHX[ £ 220fl LFEfLH £4 gj 0l|£j£S| 3fSH4^¥EH SSSMI 0|SH SI" 4= Sfe 20|, 7|&<H| £j7 r 3rfe 
JiLff £*7 r 0W£J bi|J2.0=|j 4 S| bHdOm gget Sgtf HU<CH| 2, 3 S| UHd£ Oi|*lQH 0 ^| o|g- <H|£J*0| OflS 7HA| 
¥EH Hi, a £1- U|aoi| 4 S| biHd£ 7-jo| SS<H| 0H|*JJEJoH SIO-K^E M3L#0| 15%) <H|§9|0fl o|5[) g. £ai-° 
u> e 58 oh ^ 0> i cK 0 |o| cH ^ 0 ^ Aj AjcH ] 3] 4 o| THg on ^71- 0 |# Oil *J 0 1 *!2j* r *l at ffX|A|7j§ 7 r X|cH, 7\& 
0\\ £j7 r £fe J2W£J^0| 200W9J 4'A|CH| 3S| HHdS| MiSS 70%, 7|£N °j7 r sfe 3Lff£]^0| 100W9J 4'A| 
0i| 4 S| UH{dS| £S SiEgg- 50%O|H, Ofl*J°H ^XH xH* o| Hy^joJ #E||7r =LC\X\ m[t[X\ &°Q\, H|JH0| 4S| 

ee&, -yAiofl 3, 4 si HH-jdoii aio^^ <Hyn s*si u\xm^ mm aw. 

£ 23 U|X| £ 24^ £A|0fl 3S| HH-tdSl 0-|ysi xHE| E)*S| HHtj?ZES £*|g*4S<H| £A}tf S4M L|-Efyc|-. £ 23 

g *ja|o1| 3S| Htttdsl oHyg *hb| Ss| ^o| = sum 01.2, £ 24^ ^a|o^| 3S| uH^s| onyu #^S| Sol IS 
*HJo|cK 

H 23 LHX| E. 240]\ U^LH ^a|-S¥B| 0-|yU *H E| £j£ ftEl 7 1^4 Cug A|-0|o| Cr ^gol BtoL, CuS §0fe 
Cr0| Qf^ #^£|0-| ?Jo D j i cug i°j0fe Cr0| 7^o| ^o^q^ oj X | o>s tho ^ ^ o JcK 0 ^7|Ai Cu§ §&l| 
CrO| %#s\o\ KB CuS ^*|EH oi|(H| 7|&cH| jEWS^I^ £m^S;!7| ajgoisU ^JztScK 

EES OHysi *HS| ^fe 4fE| 7I&2I- Cug A^|S| Cr %^%*0\ 0-|yU *HH| H|S r o^ ^0HX]CH, ££ Cug 

Cr ^ OS| E|H7r #QS\JL, Cug S0S| Cr 51 07| 0-|yU x^E| ^j(H| U|*|04 P>0|SgS %y ^ o\ c} o|S^^E-j 0^ 

ysi ^ E)# ai A |^- ^ s|| Cr0 | cugs) iS<HI st£h*h ^ ^ o a i c k 
(MW 3) 

EI&OS 0|^0^|b PiM^Oi g£|M@|oS OffO-lE! Epi(71)S AF-gSfH, ffE| 7|&(H| ?j7fSrfe 

S^IS 0 ~ 200W ^\o\\M & y <inoi 4fB| 7|& 4T(H| gslMtflotff 0|S|0flfe ^7| {JA|0( 14 §yf^7^| f r 

0^ HHSt X||5f^s3S tOISl CuS & K CH| l|Bj-4 7|£W| Pj7 r frfe H^^2\ ^M^9ic[. n ?J 

4 #B| 7|&(H| £l7r§rc Jil#S5lO| 200WBJ S^CHj ojo^I El^S 7nm, 100W°J 3^tH| ^OHS E|aj"S 6nm, OWfiJ 
S^Ofl °= H 0-|?E! I|Ste 2nm 0|9jcK 
(4lfio« 4) 

£ 4 LH*| £ 601| L r E r y «tSj- A r g§ r 0i ^5t^(60)S N 2 SF Ar7 r ^ £?|7|£ fU, 73|1 S^(70) 

0i| E|Eho^ 0|^0-|X|-b Er 7 i(71)# S^fU, Ai|2 £R(72)<Hfe 1^01 69_lx|?_l S^S| ffB| 7|£S &*t*HH, XH|1 
jjLffS*!(75)(H|AH A||1 ER(70)0fl ^44= 13.6MHz ^£S| jl^Hpft EE 5Jff S*!(78)«H| Aj ¥t r £i 

fl* -200V5. ^ r 0i ^njE-IUS ^% y °^W ^ 50nm°J TiN^t ^&Sr22c r . 

7=ll^Sr0i ^°^(60)S Ar7 r ^ ¥^|7|S fU, Ai|1 S^(70)0i| E|E.ho^. 0|-^0H^|^ E r 5!(71)« &^SU, XH|2 
(72)0fc ^7| 1^01 S&^SI ^B| 7|SrS S^StA, Ai|1 J2W£j*!(75)(H|AH Ai|l tl^(70)CH| ^Kj-^ 13.6MHz 

S£S| 2?Iff SS«rJl, EE 5|^£!£!(78)<H|AH ¥*rS!fl# - 200VS §|0^ ±*\E\m ^^2.SM Q 

tf-M 20nmPJ TiN^g ^^tr?^E r . 

0 1 OH AH, ^^4J(60)S Ar7 r ^ £?|7|.£ tfi, Ai|1 S^(70)CH| Ol^O^lfe Ef5"(71)# &^trJl, AH|2 S^(72) 

Ofc 4fB| 7|BS ^.*t* r 0i ^#S^(78)S §*[A|?=| EF5!(71)(H| e]7r^rfe §A|oH| 74|2 i^St!(80)ft 

gsfA|5^ i^S^g ^B| 7|&(H| °l7r^fe 2^4 o^7| ^nHE^o| o\t\\ ah 7 | E |^q| dj- ^ uOnm°\ Cu^w 
m^t[0i TiNSf, E|B°f, Si Cu n 4SS O|^0Hx|fe ^g°j-§ S^sFSCK 0H7|AH B| 7|ff0fl e.l7 r §rb li^S^e 2 
00WO|°JCK 

7^l^t r 0i ^gQTOl S^^l 7|^# §4:7r^ ^?|7|oH|AH 400°C, 2A|?i 0-|yU x-|B|t r 0H Aj^S 1fi A|54t r ?iEr. 
EE&, Cu^S| 150nm, OHyij xHB|A|o| g E s 50 0 o C^. tl O|S|0flfe ^7| S^f r 7H| S r O=l A|^?1 2« 

SE*h, £ 4 LHX| £ 60H[ L|E r y A|i^x|{= A r §S r 04, ^Sj-^(60)S SiH 4 + H 2 tS, h 7 r ^ ¥fl7|M §U, Afll 
ER(70)Ofl CHD| E|-5!(71a)S §Sf«rjl, XH|2 S^(72)0H| ^B| 7|B(36)S ^ h ^SrOi AH|1 i#£j&(75)CH|Ai Ai|l 
70)OH| ?Hr^r 200tft S£S| gg^rH, EE *l|2 JZ^5i*l(80)CH|AH AH|2 S^(72)<H| H^E r S^w gSSrO=), 

ffBl 7|^(36)0| ?j7r£fe 0|goH|LiX|S A-HO^CH Sf 100nmOla- Sig(i-Si)S ^BtfrSM. 
0|o^A^, ^E4-4J(60)w Ar7 r ^ ¥^|7|^ §U, AH|1 t^(70)cH| a- Si : n + g P £S Si^ 0|¥o-|5! E r 5!(71) 

# &Sf«rjl, XHH H#a^(75)0|Ai A1|1 S^(70)0fl 13.6MHz S£S| i^rS SStfJl, EE 5iW^fJ(78)0H|Ai 

¥oFS^I» -200VS § r oi iiH^US ^S^oH ^7| a- Sig ^ofl ^ h ^?;fl 20nm£J a- Si : n + Bm 

n^Zloi a- Si : n + g 4KH| of ^7^| 50nm°J TiNSj-g ^7| A|^S 14 £ c dm\ W EE 0| TiNQ| 4KH| 

et ¥7I| 150nme.i Cu^S ^7| A|^@ 14 gti«f7|| t[0i 

0|*. 0| 7|^ii £J4i7rA ^^|7|0HIAH 500°C, 2A)^ O-fyU xHB|SF0^ Al^ej 3M ^R«f23CK 



E 25 L||X| £ 278 A|g?1 1 LHX| 3S| EX-|£^CHi °|§H iA|*[ SJ3}§ L^LHCh £ 258 400°C0|Ai 2A| 

L> O^U *JE|£ £JA|# A|«E 1S| SO| =SHffiJO|jl f £ 268 500 e C<H|AH 2A|?J cHyU *|E|# £|A|& A|SE 2 
S| SO| = £n>fljO|[tf, £ 278 500°CtH|AH 2A[?J (H^g *|E|1 MMZ^ 3S| SO| SSifttOW. 

E 25 LflX| E 270H| L\B\lM &$2.*E\ TiN^ Cu^ A|0|(H| Ti^S Sg*K*| 8t8 M*A& 3fi| 58 CuSfS] it! 
A«H| TiS| JL\3.7[ 500°CCH|Ai O^U *|E|# SHE Cu9fS| i^Ofe Ti7|- S^WI &8 5w fif ^ E& 
Cu°| E|3.2h Si S| E|H AhO|(Cu^B| Sig A|0|)Oflfc - o - o £ £A|£jfe NSj Z|3Sh - a - S £A|^fe TiS| SS\BJ\ 
Sii, a Nfil 3L\=L£ Ti ElHMCl- H*lEh ^58 EX^^S^Afe NS| I|H 5&<H| ?J8 TiS[ I|HE SS£|7| DH 
SOfl, ■«-££ £A|£|fe NSI E|H<H|fe N 0|£|<H| TiE £&£M oJn, [fl/EM N2|- Ti°| &ft#8 7HS| 1 :1S ^§ 
£J7| nl|£CH| CuSf4 a- Si : n + B AO\°\ TiNSf 0| ££S|8 5§t4 ?JcK 

TiN^Hf Cu^ h A|0|CH| Ti^g l^Eh A|^^ 2 Si 58 CuS| Ifi **Ofl TiSj I|H* ^ST t SJjI, 400°C<HW Oiy 
U *HE|&°£M| Cu^f ££!<H| Ti7h SftftU ?J8 5§ °J ^ 2M. E& CuS| II3.SI El 7|& gS| OS| E|3. A^O| 
<H|A-fe - « - OS iA|JEjfe NS| - £ SAlJEjfe- TiSj E|HMC|- HX|Eh, tiStf £8 0|tf £ TiN 

s|o| s^sffe 5« a 4^ &ch a Elm cus| ^<H| osj e|hS S&fi- 4= SixlEh o|58 07h TiSf ttS*Fo=| e| 

e tfSWI ^£^71 CCH^OlDf. 

Et^ A|^£j 3S| 58 A|*j£j 2 S| 5E^ Cu^Sj £^S| TiSj S.\3.7[ H JH, =E& Cu H|=L2|- E| 7|& gS| OS| 
JI|H A|0|o| . a . iA|£fe TiS| S.\3.7\ SfO|-Sjl, 500°C0l|Ai 0HgU xl£|Sfe 5J(H| S|SH Ti^S ^^Sfe TiS| 

7^sJ ^^¥7^ cu^si i^cni -a^m ^ s^k 

(^ScNI 5) 

Oiyi> 2Et!* O|S|0fe AH 7 | a)*^ 3 o| xIR^aBl- S^Sl^l S^O^ AISE 4fi Ail^^S^CK 

E» a- Si : n + S ^Ofl TiN^S nH^l^o^ z^S S^&t(5J 50nm^l Tint, ^ ^7?l| 50nmOI CrBf, ^ ¥^ll 50nmeJ 
MoBj, ^ 50nm°l TiN^Hf, 20nm°l l\ a A)^ %£$3L, E o^H ^gfi- 0|S|CHfe A|^fi 3S| 

l>^^ SSJ^THI §|Oi A|^S 5 LHX| 8S Xi|^S|$^K 

=LB\JL, MW 4 LHX| A|*n^ 8S| 51S^S| A|e ^^0^ CfjS^ iA^CK E 288 a S4# L-WUM. E 28 § 
Oi|AH 7h£*£ 0-iysi §£(10), A||£^S| R/R(in)8 CuStSj A|M. X-|§g|0| ^S°|o| A |e X^^^oJ H |0|cK 
E 28SJ 34£¥EH a- Si :n + §4, CuSf ^0|(H| Ti^S A|^ij 5S| 58 0^yU gE7^ 300°CS 

Qf£| A|MXH*H0| AHA^I ?HX|H, 0^ £E 400°C0i|A-iS| A|MX^O| CuSf A|^^o| of L5HH0ICH, 500°C0flAH A| 

sxH»o| 7^ Hdffe 5* % 4 fclcK o^|AH oiWlj 8ES| &&ol- LCj-Bh a|e^»o| 58 8E 4!-6o| o|SH 

Cu^S ^mr= CuSF UH!- 3^er°| fJ^7^ CuSF Sft^OH Cu g(H| JLg(@®)^7| tO|SO|cK 0|(H| 01^0=1, a 
-Si : n + m CuSf MOM J\m E8 Mo^lS A|*jB 4, 7S| 58 0^yl > ' ^g^ 0 ^ A|MXi^8 

7HS| eS^|X| e^H, Cu^Hl- i h 8 SES| X^ Bfoj 5# SI- 4= ?i^K a», a- Si : n + Cu^ AfO|<H| Cr^# 
A|^B 6S| 58 400°CCH|AiS| A|MX^^O| Cu^ X^ h S| 2f 1.1bl|ON, E^ oHyU g £ = t^S^E 7^S| 
AlMxH^g ^5|^x| are 5S iT 4 s SiJcK E& a- Si : n + §2F Cu^t A|0|CH| TiNW Ti5|S H^t^ A|SB 8S| 
58 0^yl > l §£ 400°C0i|AiS| A|M*mo| Cu^S| 2f 1.3«|S £jX|Eh 500°C« Cu^ ^8 ^ES| Xi X^ 

t^o| ^ ojch. 

(-^^04| 6) 

4T7| 4I^B 4 LHX| 8S 400°CCH|AH 2AI2J- o^ys| ^EISFSJS KHSI CuSt SfSSl 3^Bf(TiNSt f TiSf, CrBf, Mo^t, T 

iNS|J!|- TiHf)S| S|-^^EH(H| CHSfOi EX-lg^^Ofl S|SH SAj^HCf. ZL 0|SHH| 7|^&CK 

AISS 4, 7S| 58 Cu^S] i^Oll S^^(Moar, TiNSt)S ^^Sfe 7HS| S,^^X| 5§ -of ^ o a ioh cK 

ON cHthoi A|S^ 5, 6SJ 58 CuSf ifflofl ¥^l| 10nm SES| B\& t*SW0\L} B.E^ 0|¥<Hxfe I| 

S|0| ^^EIO-I 5§ o| ^ oiohcK Etl- A|^B 8 S| 58 Cu^Sl i^oil ¥^l 10nm SES| E\& A JI°4°£ 0| 

¥o^xfe Ji|&ro| S^iElfe- a!8 5S 4= 2.'S^K 

(4J^o)| 7) 

Af 7 | A|^S 4 LHX| 7 (HI 01*1-04 a- Si : n + Cu Sf A|0|(H| ^^£1 g^BfS| HH5|O^0fl 0^0=1 S7^f^ 0 ^^K 0^7| 

ahs| HHE|o-|>as cufi|-ofl eJ7heh5^M ctHsl a|e xms ^StrssAH S7FSISJCK e 298 3 U^y 

a. 

E 29CH| L|^y g^£^E| a- Si : n + SHI Cu^l A|-0|cHj Ti^O|U Cr^S A|^e 5, 68 0{yii'SE7h 400 

°C* ±2F*ie ^ 7 4nn\ A|MX-|§0| 5S SI- ^ Sia. E& a- si : n + © Cu^ A|-0|o|| Mo^T-g S^S 

0 78 500°C77|X| A|e^o|.7HS| ^^S|X| gill, 500°Cfi S^SlS 3^§|-7-|| ^^tfe 5M 81" 4 2x^1. <H7|AH 3- 
^f|7H| A|ex-|^o| ^^Sfe 58 o^yu 8ES| #&o\\ S|§H «|& ^E|A|0|£ ^g(metal- silicide reaction)Oi| S|f« 
a- Si : n+ B$ Cu^ AFO|o| =^o\ HHE|0-|^O| a- Si : n+ % §S| Si7F SfttSM Cu^ g<H| ^?J^Si7| 

[tH80|cK 

Olo-ll LHSjoi a- Si : n + #4 Cu^ A^|o-|| TiN^M A|SB 48 <Hy§ 8E 500°C^X| A|^^0| 7^S| 

^^x| sti, a 500°CS i^sFo^E A|SS 70^| Hl^oH 5g 8T 4 SiO-. 

^EFAH, TiN5|8 Ti, Cr, Mo^ol h|S|o^ lH°J^o| floiU^ oiS^°S¥^s| STttS ^x|f|8n|| ffiSWfe 

5S SI" 4= ?M. 

(*JS«>II 8) 

#5J 7|&4 Tiat AF0|CH| TiNBf* %^^X| ^11, E£h Tie| Cu^# % Ti^Sj i@cH| #B|-XD| (HI 

^A|t|oi TiSl ^fFSS xfl7Htu, o-iysi ETJ-g o|s|ofe a|^b 1 sj x|5|«i-S4 S°JfF7-]| *|-(H a|§ 
B 9S xil^SF9JcK 



oi7Woj g^ADj o|Se gef4i(60)S Ar?F^ £¥J7|S xl| 1 *R(70)cH| mm EF5!(7ia)# SSTsU, xH|2 2 

^(72)ofl -nam #el 7ie§.S-*fsFoj. S#SSI(75)CHW *l|1 £!^(70)O|j 2^EH ggsU. 

g ISgSfO^ ^A|7|fe SA|Ofl, X|2 ER(72)«H| i^S^S S3eM*l #£| 7|=KH| 200W SES| H 

ws^s 2^ ems-o^Mi st^ch 

TiS| £gOfl fiE^Qf OiltJS 4'A|S LCD ffSl 7|£oj| CJ7^fe SL#EJStS 50W, 0|fi|(H|fe- &7| A| 

Sfi 10SI x1*m*!4 5SJ*MI *HH zfgsj A|S?d 9i_H^I 13S xRsFHcK 

£ 30£- O^yU MZ\ SSI AISS 9S| ?S2F, 04WSj 250 o C¥&i 500°C S?I<H|AH HHfil A|SB 9 

s| fix^Sofl ojsi) iAFEh a^fi UEhyci. 

at!- £ 31 e o^yu *hbj ^oj a|^£ io°i o^yu zzm 3oo°c¥eW soo°c s^ow ggs^s m|oj 
aise io°j ^x^^chi o|tn £ A^th gam L^y^. 

£ 30 LHX| £ 31 S| S^S^EH O-Mg *|E| *jS| A|SE! 10S Cu^2f Ti^Sl 3*i|¥50fl OSj 4 &! 

j1, Ti^ ifiOfl E|Eh -£4^S|0| ^£j0-| °!b ST 4 2JEK It, Ti7|- Cu^S| £E ^<H| *|"^7| A|S|-*fe £E 

350°CO|ji, cm O^D ^9JCH| CCl-Bh Cu^S| £S ^CH| «^Sfe TiS| gfO| §7^fe 5* & 4 ?M. 0| 

(H| cH^o^ cHyn *4E| A|SE 9fe CuW Ti^Sl S?=l| ¥5o-|| os| h|h* #&tf 4 &S>°S #E^ cH|*J 
*|£|0fl S|§H E|Eh Ahf^5| 0 | All 7-1-=! of 4= o"cK 5E*h Ti7|- Cu^S| i|<H| ^^7| A|5fSfe ^Err 300 D CO| 

ji, ai*ie 10 s.qs. se<hw n*y%7\ A|sr*Fb 5s a 4 s!^k ofew ie^ <hi*jchi o_ m K 

fflsj E|Eh tfs^s fl|7H&o S M| Ti* Cu^ aS<H| *t{*M?\7\ m o^U ^^fe 5o| ^i^S a- 4= ?i 
cK 

(41^011 9) 

TiN^Hf 7[& AI-OICHI q ^5|| 300n m oi Si0 2 g^^jj, TiNa|4 CuB| A|-0|o| Ti o|o| - 7 ^|1 10nm^E^ 5 
Onm %m\M ^S«HH, O^ii i 7 J# SSSfe O|S|0fe Um\ 4S| 33f 7Ho| goj § ^| s ^ 0 ^ A| 

11 LHxi 14* nmzwci 

ZLElH, A|«B 11 LHX| AISB 14S| ^§^£1 A|E*|»Ofl Ql^of iA|SF?^K a 2J!F# £ 32tH| L^EKHS^K £ 32 
g. 0^yl 5 lgE(°C), A1|S*S| R/R(in)& Cu^-Sl A|M 01 S ^S^°| A|M X^g^oJ H | 0 |cK 

S 32S| ^^^EH SiO 2 Sf CuSI- MO\o]\ 50m21 TiNH|"I!f 30nm LHx| 50nme! Ti5|S A|t^ 11 

LHX| 12°| 5e 0-|yai SE7^ 300°CS a|S| A|j= X]%>0\ MM~o\ ?^I^L, 400°CtH|AH A|e.X^O| 7\S ?HX| 

fe 5^ sr 4= ?jio. 

0|0fl Oj^O^ SiO 2 £f CuSJ A^lofl ^ZHI 50nme! TiN^4 20nm21 TjStS S^ff A|^B 13SJ 5€ A|^fi 11 
LHX| 12SJ 5!iChE A|exH*hoJ bjfpf xhs 5| ^ ^ oi n |. ccsh Si0 2 ^ CuH j- a^|o-|| ^7^| 50nmO| TiN^ ^ 
7?K 10nmO| Tj p|g A |^ e 14 o| ths oHyU ^SS^E 7-joj A|M X^O| Btfe 5^ 4 

CFEW, TiNStcHI TiBfSl 20nm 0|«fS X^ ^0| 5|0^xU, X^ ^?TS| bH^^S 4 
cfe ij- 4 ? a 'eK 

ol-y -MSS uhSF ^o| ^ s<H| s|^dh, x-l x^s| HHdxH^Ai A+stfe S^cHI 4^om ^4:«HI OUt^oi lH 

?r^A|SJ 4 e^o| o^*ix-im 5||x|^E h|£|qh go1 | qj^o^ m 4 s Si°cN, UIOT 

S| S^AIIJ ^ SES- o|xjo^|-o| AFO|0-||AHS| ^X|^ ^ ° A ife HHtjj* 0|# A^ff Hf 

oh ESHx|^Ej 7|£f a 1 ZL X^^SHf, 0JE4& ESH X |^Ej 7|^# ^H|e! 3|SiA|S*l# 4 

(57) «¥SJ 

^x| 

2. 

<Hxl| 

3. 

^X1| 
<Hx^| 

^t 1 ?!" 5. 

4T7| 7|&^0fl^£|feTiNBf, 5J 
^7| TiN afflO| S^iEjfe HW 

^7| UH<d€ SS(Cu layer)S| ^flofl e|&^4 e|e.F tf^gs o|^o-|A|fe 

S^S 6. 

Xfl5tr<H|AH, 

Ah 7 | E | Eh are Ah 7 | ?fl(> | ^^E|o^ ^ # 7 \ B \& ^ine 4 h 7i b\^o\ ^^\o-\ ^ *w m 



SHX|A&| 7 |£H. 

St^S 7. 
^|5^CH|AH, 

ak 7 | E |Ehoho §s ^ o)o| «y ¥ o1| ^-ysjoH ?Ji, #7| b\B #7| %B ^flfil L-hcHxl ¥£<HI §£j£j 

0-1 2ib ^ MIHXI^EI 7|&. 

S¥& 8. 

#7| 7|# #<H| ^ElfeTiNBT, SI 

#7| HiHd£ ^¥KHI ai tfSFSS o|^<Mxfe sf* 5fe 

J=h_Hx|^E| 7|Eh 

s?sr 9. 

7| HSSIS 7| g§ ^*|CH| ^g£]cH olJl, 7| aS ^SFS€ HMBfSl iffl(H| ^^i|0H HfB|- JL£H 

*I^EH 7|S. 
St^S 10. 

#7| agate #7| SJ¥<H| i,^£jo^ °!a, &7| a§ An lig # 7 | *flo| L ^ X | ¥ £oi| gg<E] 

St 1 ® 11. 
MM 

S=F» 12. 
St 1 © 13. 

#7|7|ff tfOfltigEfeTiNBT, S! 
tf7|TiN0t fl<H| UHti 

ft 

&7| HH^jg ifflOll E|Eh E££ E|E[ Off O^lfe 3I|BJ§ 5fe 

ii.LH7;|AE| 7|ff. 
St 1 ^ 14. 

*H38-0fl/r|, 

&7| UHdSl #7| §g°l ieoi| #7| E|EhDl-o| ^DjcHI ^^£1 E|& tfS^S. OffO^fe Bf 

§ ghfc ^MfH^Ei 7|&. 

S?S- 15. 

7i& #<hi em, waiMai, h§ ai emts oi^ <hs 3°w d'NE! ^isss sgsfe e^i, 

#7| E^MUB fl<H| got* «gflfe 0*1, 

#7| g^ggg oj §a|g ^^o| uhah ^Aho £ nHEHfej^fe- g-Tfl, ubIh 

^7i 7ies cHy^eis^ #71 §^ ^<hi #71 i^tas oi^o-is §^§fe 

ft Stttffc ^^MSHXIAEH 7|Sfii 

St*& 16. 

7|£ #0fl TiNB|« S^ffe 

#7| TiN^ ^loHI e|^, =b|M@!, HS a! E^ h ^ o|T<HE! 5oM <h&hs| S^ISSS Sgs^ E^l, 

#7| S^MSg fl<H| §BfS B^l, 

^7| S^MSS Ssf* uHd Sif£S nH^fe^b E^l, aBli 

^7| 7|©S oHyu^slSFo^ ^7| sat floil ^7] offo-|2 m^S E^l 

ft itr^fe h|s|e?hxiae) 7\B9\ n^ti. 

St 1 9 17. 

x-ihefWiA-i, 

4f7| TiNHf ^HCHI ^^WSSS #7\ -g^MSS°l ^77l|7h 10 UjX| 20nm7^ ffe ^m£H 

A|^^ 7|&£| Aili^S. 

S^S-18. 

A|15&5E^ AlH6?, h (HiAi 

#7| 7|&S OHgH^ElSfe 07fc £7\ m°\ $±9 a^^o )7 | mlM ^|H tfe HlBfEi!?:^^ 7| 

&fi| X1I2L&S. 

^^^19. 
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